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ABSTRACT OF THE THESIS 
Convergent Validity of Self Reported Physical Activity with a Seven Day Recall 
by 
Benjamin J. Silber 
Masters, Graduate Program in Psychology 
Loma Linda University, September 2010 
Dr. Kelly Morton, Chairperson 
Accurate assessment of physical activity is important to studies interested in the 
relationship between physical activity and other variables. Questionnaires are the only 
feasible means for large-scale sampling but such self-report measures require validation 
due to their inherent subjectivity. The Adventist Health Study-2 (AHS-2) survey includes 
exercise items that were validated in the present investigation. A calibration study 
examined self-reports of exercise with two phone calls to 1,000 participants in which an 
interview-assisted 7-day physical activity recall was completed by a random sample of 
AHS-2 participants. Inter-index correlations both within the survey and between the 
survey and the 7-day physical activity recall were examined to offer convergent and 
discriminant validity. Finally, clinical data used to diagnose metabolic syndrome 
provided a third means of validation by demonstrating an inverse association with 
physical activity. Weak to strong correlations between the AHS-2 items and the 7-day 
recall, test-retest reliability, factor analysis, and metabolic syndrome data indicated that 
the questionnaire possessed an adequate level of validity. 
xii 
Introduction 
Lifestyle-related health issues have become ubiquitous in modern American 
society. A major and often discussed concern is the lack of physical activity or exercise 
engaged in by American adults (WHO, 2010). Epidemiologists study the factors that 
affect health and disease (including risk factors and treatments) and subsequently provide 
the underlying theoretical foundation for preventative medicine. When determining the 
relationship between exercise and other factors such as obesity, depression, or diet, a 
system of measurement that is both valid and reliable is required. Because many 
researchers are interested in studying very large samples of individuals, self-report forms 
of measurement such as questionnaires are often the only feasible method of assessment 
(Lamonte & Ainsworth, 2001). 
Due to the possible unreliability of subjective physical activity self-report 
measures, it is necessary to confirm the validity of the exercise-related items on surveys 
by comparing these scores either to other survey items or to external measures of a more 
objective or reliable nature (Baranowski, et al, 1984; Klesges, Eck, Mellon, Fulliton, 
Somes, & Hanson, 1990; Uitenbroek, 1993; Durante & Ainsworth, 1996). A number of 
such external measures are available, each with unique strengths and weaknesses. 
Choosing the best one is largely a matter of reviewing empirical evidence, the research 
question, theoretical foundation, and available resources. The Adventist Health Study-2 is 
a fifty-page survey on lifestyle and diet that includes two pages of exercise/physical 
activity items which were validated in the present investigation. 
The current study evaluated the validity and reliability of the AHS-2 physical 
activity items in three ways. First correlations were examined between items on the 
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questionnaire to examine specific theoretically predicted relationships. Second, a 
calibration study consisting of a 7-day physical activity recall was conducted over the 
telephone using a small representative sample of the larger group of AHS-2 participants. 
The more accurate results of the 7-day recall were then compared to the AHS-2 physical 
activity items. Finally, anthropometric and biological measurements were collected from 
the 7-day recall participants and were compared to the AHS-2 physical activity items. 
The major anthropometric and biological measurements of interest in this study are the 
constituent risk factors which comprise metabolic syndrome and are considered to, at 
least in part, be related to physical activity. 
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Literature Review 
Explanation and Definition of Terms 
Exercise is a specific type of physical activity that is planned, structured, and 
repetitively done to improve or maintain physical fitness. For the purposes of the present 
paper, exercise will be considered to be any activity in which the primary intention of the 
engagement is at least mild physical exertion. Conversely, physical activity is any bodily 
movement produced by skeletal muscles that result in energy (or caloric) expenditure 
(Casperson, Powell, & Christenson, 1985). Physical activity can therefore be defined as 
any activity requiring some physical action. Examples of exercise are consequently more 
narrow (e.g., jogging, weight lifting, aerobics) than those of physical activity (e.g., raking 
leaves, moving boxes, walking two miles in a shopping center), though many activities 
will fall into either category depending on the context. For example, swimming is a 
physical activity which is often a form of play or casual recreation. If done regularly to 
stay in shape, swimming also functions as exercise. To summarize, the distinguishing 
features of exercise versus physical activity are intentionality and structure. As such, 
exercise is intentional and structured while physical activity is less so. 
An important definition requiring discussion pertains to the characteristics of 
exercise or physical activity and the characteristics of physical fitness. For the present 
review, all references to measurement will relate exclusively to exercise and physical 
activity, not physical fitness. Physical fitness as a construct is much more complex than 
physical activity and thus necessitates a more elaborate system of measurement. Physical 
fitness, according to the Bouchard and Shephard conceptual approach, consists of five 
basic components: a morphological component (e.g., body mass for height, body 
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composition, subcutaneous fat distribution, abdominal visceral fat, bone density and 
flexibility), a muscular component (e.g., power or explosive strength, isometric strength, 
muscular endurance), a motor component (e.g., agility, balance, co-ordination, speed of 
movement), a cardio-respiratory component (e.g., endurance or submaximal exercise 
capacity, maximal aerobic power, heart function, lung function, blood pressure), and 
finally a metabolic component (e.g., glucose tolerance, insulin sensitivity, lipid and 
lipoprotein metabolism, substrate oxidation characteristics). According to this model, all 
five components would need to be evaluated to determine the overall level of physical 
fitness of an individual (Bouchard & Shephard, 1994). This is not the intention of the 
current measures under consideration here. The sole purpose of the present study is to 
measure physical activity. 
In order to understand some of the procedures of the present investigation, the 
term calorie requires operational definition for those not familiar with its use. A calorie is 
the amount of energy required to raise the temperature of one kilogram of water by one 
degree Celsius at sea level (4.184 J). Casting some confusion on this term, nutritional 
reference tables and the general public typically refer to calories in terms diverging from 
the scientific definition which will be utilized here. The calorie people typically refer to 
on a food label is actually 1,000 true calories or a kilocalorie. Though in popular 
literature the kilo is often omitted, this is rarely done in scientific research, the present 
paper as well as the Compendium of Physical Activities being no exceptions. For the 
calculation of MET values, the term kilocalories will be used (The Columbia Electronic 
Encyclopedia, 2007). 
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The Importance of Physical Activity on Health 
Though genetics, environment, diet, and health conditions contribute to obesity 
(National Center for Health Statistics, 2006), physical activity is a particularly important 
ingredient in living a healthy lifestyle. Engagement in regular physical activity has a 
number of positive effects including reduced risk of: premature mortality (Stamatakis, 
Hamer, & Primatesta, 2008), coronary heart disease (Scrutinio, Bellotto, Lagioia, & 
Passantino, 2005), diabetes (Ansari, 2009), colon cancer (Wolin, Yan, Colditz, & Lee 
2009), hypertension (Ishikawa-Takata, Tanaka, Nanbu, & Ohta, 2009), and osteoporosis 
(Siegrist, 2008). It has also been shown to improve the symptoms associated with 
musculoskeletal conditions and mental health conditions such as depression and anxiety 
(U.S. Department of Health and Human Services, 1996), as well as insomnia (Menoutis, 
2008). Exercise and physical activity have been found to reduce levels of the stress 
hormone cortisol (Cohen & Williamson, 1991), improve cognitive functioning (Praag & 
Kempermann, 1999), bone density (Kemmler, Lauber, Weineck, Hensen, Kalender, & 
Engelke K, 2004), and self-efficacy (Tsutsumi, Don, Zaichkowsky, & Delizonna, 1997). 
A large scale study conducted in 1998 concluded that the deaths of 20% of its 226 
deceased participants (all of which died from cardiovascular disease) were the direct 
result of poor fitness levels. Additionally, and of great importance, physical activity can 
enhance physical functioning and aid in weight control (U.S. Department of Health and 
Human Services, 1996). 
Physical activity is particularly important for the control of one's weight, 
contributing to 20-30% of an individual's daily caloric expenditure (Fletcher et al., 1992). 
Overweight and obesity significantly increase the risk of diabetes, heart disease, and 
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some types of cancer as well as the severity of disease associated with hypertension, 
arthritis, and other musculoskeletal problems (U.S. Department of Health and Human 
Services, 2001). Furthermore, among children and adolescents, overweight and obesity 
are known to increase the risk of high cholesterol, liver abnormalities, diabetes, and 
becoming an overweight adult. To summarize, not only do overweight and obesity serve 
to diminish quality of life but also (as a consequence to the many aforementioned health 
problems) are associated with excess morbidity and mortality (National Institutes of 
Health, 1998), doubling the risk of premature death (Paffenbarger, Hyde, Wing, Lee, 
Jung, & Kampert, 1993; Blair, Kohl, Barlow, Paffenbarger, Gibbons, & Macera, 1995; 
Wannamethee, Shaper, & Walker, 1998; Leon, Connett, Jacobs, & Rauramaa, 1987). 
Though the associated features of obesity and overweight are anything but trivial, 
a shocking 14% of children were overweight as of 2004 (National Center for Health 
Statistics, 2007). This rate increases to an alarming two thirds of overweight in American 
adults (one third of which is obese), resulting in nearly overwhelming health implications 
(National Center for Health Statistics, 2006). After evaluating the available literature it 
should be clear to most individuals that preventative solutions need to be determined and 
researched. Though a number of corrective routes are available, as previously mentioned, 
the concept of exercise as a literal life-preserver is no stretch of the imagination. 
Metabolic Syndrome 
Though exercise and physical activity have been shown to have a vast array of 
health benefits, their influence on the prevention and mitigation of metabolic syndrome is 
of particular importance to the present study. This cluster of risk factors, originally 
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named syndrome X by Gerald M. Reaven in 1988 (Reaven, 1988), is also frequently 
referred to as metabolic syndrome X, insulin resistance syndrome, and Reaven's 
syndrome in the literature. Metabolic syndrome is a complex aggregate constellation of 
risk factors for a number of major health problems, most notably cardiovascular disease 
and Type 2 Diabetes (Cavaghan, Ehrmann, & Polonsky, 2000; Groop, 1999) as well as 
fatty liver, some forms of cancer, cholesterol gallstones, asthma, sleep disturbances, and 
polycystic ovary syndrome (Grundy, et al., 2004). Critics of metabolic syndrome 
maintain that it is nothing more than a group of risk factors which commonly occur in 
unhealthy individuals and therefore does not deserve recognition as a singular entity as 
the name metabolic syndrome implies. An expansive and growing body of research 
however indicates that the risk factors comprising metabolic syndrome are biologically 
linked to one another and occur together with such a high frequency that they should be 
considered to be of a more singular nature (Bjorntorp, 1992; Bjorntorp, 1997; Okosun, 
Liao, Rotimi, Prewitt, & Cooper, 1997; Bodkin, Hannah, Ortmeyer, & Hansen, 1993; 
Karhapaa, Malkki, & Laakso, 1994; Nilsson, Lind, Pollare, Berne, & Lithe11, 2000; 
Vanhala, Kumpusalo, Pitkajarvi, Notkola, & Takala, 1997; Lender, Arauz-Pacheco, 
Adams-Huet, & Raskin, 1997; Falkner, Sherif, Sumner, & Kushner, 1999; Haffner, 
Miettinen, Gash11, & Stern, 1996; Lindahl, Weinehall, Asplund, & Hallmans, 1999). 
What specifically constitutes metabolic syndrome remains something of a debate 
among researchers and a number of fairly similar definitions have been developed by 
various groups including the World Health Organization (WHO, 1999), National Heart, 
Lung, and Blood Institute in conjunction with the American Heart Association (Grundy, 
Brewer, Cleeman, Smith, & Lenfant, 2004), the International Diabetes Federation 
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(Alberti, Zimmet, Shaw, & Grundy, 2006), the European Group for the Study of Insulin 
Resistance or EGIR (Balkau & Charles, 1999), and the American Association of Clinical 
Endocrinologists (Einhom, et al., 2003). The definition which will be used for the present 
study was developed by The National Cholesterol Education Program's Adult Treatment 
Panel III (ATP III). Of the proposed definitions, the ATP III and IDF versions are the 
most widely accepted (the WHO definition in particular has been attacked by the EGIR). 
The ATP III was chosen over the IDF due to its preferred method of measuring central 
obesity by taking BMI and waist circumference into consideration. The IDF definition 
automatically assumes obesity, negating actual waist circumference measurement, when 
the BMI is over 30. 
Waist circumference is preferred over BMI measurements as a body mass index 
can produce misleading results when the individual has a large amount of muscle mass. 
Muscle is heavier than fat by volume due to the greater density of the muscle fibers (1.10 
gm/cm3) as compared to the fat tissue (0.90 gm/cm3; Katch & McArdle, 1977). Every 
individual possesses varying ratios of muscle to fat tissues in their body and as a result 
individuals may vary drastically in their body fat percentage despite having the same 
BMI (Frontera, Hughes, Lutz, & Evans, 1991). BMI treats all forms of body weight 
(muscle, water, fat, bone, etc) the same which ironically labels very healthy and active 
individuals with large amounts of muscle mass as overweight or obese. 
A second reason for the preference of waist circumference over BMI is that 
abdominal obesity has been found to be more highly connected to many of the factors 
and diseases related to metabolic syndrome than general or global obesity measured by 
BMI. Such studies have indicated that abdominal obesity is a much stronger predictor of 
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acute coronary events (Lakka, Lakka, Tuomilehto, & Salonen, 2002) and that waist 
circumference but not BMI is an accurate predictor of microalbuminuria, an early 
indicator of renal and cardiovascular risk (Thoenes, Reil, Khan, Bramlage, Volpe, Kirch, 
& Bohm, 2009). In an earlier investigation of the comparison of measurements, nearly 
800 men in their mid 50's were measured for BMI and waist and hip circumference. 
Thirteen years later it was found that BMI was unable to predict stroke, ischemic heart 
disease, or death while waist to hip ratio succeeded. The researchers suggested that 
distribution of fat deposits was therefore a better predictor of CVD and death than was 
degree of adiposity (Larsson, Svardsudd, Welin, Wilhelmsen, Bjomtorp, & Tibblin, 
1984). 
A salient study recently conducted in Korea showed that though there were no 
significant differences in insulin resistance between BMI groups (underweight, normal, 
overweight, and obese) the insulin resistant subgroup of their participants had a distinct 
difference in visceral fat in the abdominal cavity when compared to those who did not 
have insulin resistance (p < .0001) as measured by waist circumference. The researchers 
also discovered that in participants with identical BMI' s, individuals with higher waist to 
hip ratios still had higher body fat percentages, triglyceride, free fatty acids, and serum 
fibrinogen concentrations, and lower HDL levels and insulin sensitivity index scores. It 
was also discovered that though there was no significant differences between BMI 
groups, individuals with high waist to hip ratios also exhibited an increase in the intima-
media thickness of the common carotid artery (Cho, et al., 2008). The researchers 
concluded that abdominal obesity (measured by waist circumference) was a much more 
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accurate and valuable predictor of these risk factors than general obesity (as measured by 
BMI). 
The NCEP definition states that metabolic syndrome is characterized by the 
presence of any three of the total five criteria listed in Table 1 (NCEP, 2001; NCEP, 
2002). 
Table 1 
ATP III clinical identification of the metabolic syndrome 
Risk Factor 	 Defining Level 
Abdominal obesity, given as waist circumference 
Men 	 >102 cm (>40 in) 
Women >88 cm (>35 in) 
Triglycerides 	 150 mg/dL 
HDL cholesterol 
Men 	 <40 mg/dL 
Women <50 mg/dL 
Blood Pressure 	 >130/?-85 mm Hg 
Fasting Glucose 1 10 mg/dL  
To summarize briefly, individuals with metabolic syndrome have a high 
abdominal waist circumference, elevated blood pressure, elevated triglycerides, elevated 
fasting glucose, and low levels of HDL cholesterol. According to the ATP III, metabolic 
syndrome can be conceptualized as a combination of underlying, major, and emerging 
risk factors. The underlying factors, which might be considered to possess a causal 
relationship with the other components, are items such as obesity, physical inactivity, 
genetics, and atherogenic diet (diet consisting of substances conducive to the production 
of atheromas or plaques in the inner lining of arteries such as saturated fats and 
cholesterol). Major factors are listed as age (Ford, Giles, & Dietz, 2002), hypertension, 
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cigarette smoking, elevated LDL cholesterol, low HDL cholesterol, and family history of 
premature coronary heart disease (CHD). Finally the emerging factors include the 
metabolic risk factors: glucose intolerance, insulin resistance, small LDL particles, 
elevated triglycerides, proinflammatory state, and prothrombotic state (NCEP, 2002). 
Metabolic syndrome and physical activity. Physical activity's inverse 
correlation with metabolic syndrome has been reliably demonstrated in a host of studies. 
Because of the strong connection between physical activity and metabolic syndrome (as 
well as each of its metabolic elements along with other poor health conditions), 
implementing physical activity is a crucial element of the recovery process supported by 
research. A study conducted in 1996 (Perseghin, et al.) showed that only six weeks of 
aerobic exercise significantly increased insulin sensitivity in both normal participants as 
well as in the children of diabetic parents. The researchers concluded that this was the 
result of an increase in insulin-stimulated glucose transport-phosphorylation in the 
muscles of the participants. A similar study (Devlin, 1992) also found that one hour of 
exercise in untrained participants elicited an increased level of insulin sensitivity and 
responsiveness in participants for at least 48 hours. Devlin suggested that the increased 
sensitivity was due to a large amount of glucose being stored, as glycogen in the newly 
glycogen-depleted muscle tissue. Though the finding that even without diet restriction, 
exercise can cause significant weight loss, particularly for abdominal fat and prevent 
further weight gain (Rice, Janssen, Hudson, & Ross, 1999; Slentz, et al., 2004; Slentz, et 
al., 2005) is fairly well known, it might be surprising to some that exercise induced 
weight loss has also been shown to be as effective as diet restricted weight loss (Ross, et 
al., 2000). Exercise has been shown to reduce blood levels of cholesterol and 
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triglycerides (Altekruse & Wilmore, 1973; Kraus, et al., 2002) with some studies 
showing it to have an even more pronounced effect on triglycerides than diet (Hebert, 
Kerkhoff, Bell, & Lopez-S, 1975). Research suggests that even a single episode of 
exercise can improve HDL and triglyceride concentrations (Thompson, et al., 2001). 
Further research has also shown exercise to reduce blood pressure (Arm11 & Beaglehole, 
1992; Whelton, Chin, Xin, & He, 2002) with many of the above changes occurring 
independently of weight loss. 
The above studies represent only a small fraction of the many others which 
consistently support the importance of exercise in the control and prevention of the risk 
factors which comprise metabolic syndrome. The naturally occurring degree of variance 
in the benefits of physical activity between individuals is mostly due to the other 
aforementioned underlying factors: age, sex, genetics, diet, body size, and health status 
(Bouchard & Rankinen, 2001). Despite these intervening variables, the role played by 
physical activity in reducing or eliminating metabolic syndrome cannot be overstated. A 
2002 study (Kullo, Hensrud, & Allison) found that the odds of developing metabolic 
syndrome was five times higher for an individual in the lowest quartile of 
cardiorespiratory fitness than for an individual in the highest quartile. Another found that 
physically active men were 50% less likely to have metabolic syndrome than inactive 
men (Brien & Katzmarzyk, 2006). Considering that physical activity was very minimally 
defined as anyone who reported exercising vigorously for 30 minutes a week over the 
past month, the 50% difference is quite striking. A similar study found that adult males 
engaging in at least 3 hours of physical activity a week were 50% less likely to develop 
metabolic syndrome than those engaging in one hour or less a week even when other 
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factors were controlled (Laaksonen, Lakka, Salonen, Niskanen, Raurama, & Lakka, 
2002). The results of a number of other studies (Rennie, McCarthy, Yazdgerdi, Marmot, 
& Brunner, 2003; Ekelund, Brage, Franks, Hennings, Emms, & Wareham, 2005) are 
similar, after accounting for fitness, obesity, Vo2., body fat, and baseline metabolic 
syndrome. 
As such, a large number of studies have found that physical activity reduces the 
odds of developing metabolic syndrome and still others show that individuals who do not 
engage in physical activity have much higher odds of currently having metabolic 
syndrome. More recently some research has been done in which physical activity was 
used as a treatment for metabolic syndrome rather than as a method of prevention. In 
2007 a physical activity behavior modification program was implemented for obese and 
overweight school children in Korea. The program involved 100 minutes per week (in 
two separate sessions) of structured physical activity in which participants engaged in 
gym-based exercises. Students were also given a weekly session of instruction on how to 
modify their lifestyles through diet and exercise. At the end of the 8 week testing period 
they found significant reductions in waist circumference, systolic blood pressure, 
diastolic blood pressure, and HDL-cholesterol. Though triglyceride and glucose levels 
did not experience significant change during the 8 week interval, the intervention was 
found to be effective in treating several of the metabolic risk factors in only a little over 
13 hours of activity spread across two months. In review of the many aforementioned 
studies, it is quite reasonable to expect individuals with greater physical activity to have 
fewer metabolic syndrome characteristics. 
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Methods of Physical Activity Measurement 
As mentioned, epidemiology focuses on studying the factors which affect health 
and disease. In order to do this, these factors need to be carefully defined and 
operationalized. Physical activity and exercise as constructs are no different, necessitating 
the construction of a system of measurement. Those interested in exercise-related 
research have a number of methods of measurement at their disposal. The method chosen 
will depend both on whether it is exercise or physical activity being measured as well as 
the precise operational definitions derived by the researchers. As is often the case with 
research, the most accurate forms of measurement are also the most expensive and time 
consuming. Consequently, a balance between accuracy and practicality must be reached. 
Accurate assessment of physical activity is important for several reasons. Even 
small differences in levels of physical activity have been found to decrease risk of 
mortality, so the measures must be sensitive enough to assess small changes (Erikssen, 
Liestol, Bjomholt, Thaulow, Sandvik, & Erikssen, 1998). In individuals who are obese, 
experience restriction of movement, or are sick, only small levels of physical activity 
may be safely possible. For these individuals, knowing precisely how much is enough 
can be important. Though the basic concept that physical activity is good can be 
generally accepted, exercise dose-response ratios, as well as the degree of intensity, 
duration, frequency, and the form of exercise to be applied may be crucial information for 
the treatment programs of many individuals. If health care providers are to make physical 
activity/exercise recommendations for patients based on empirically based research, 
researchers must take great care when constructing the means by which they plan to 
measure or assess exercise/physical activity. 
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The most simple and straightforward way of measuring exercise or physical 
activity is by means of a self-report questionnaire. Though vast arrays of other PA 
measurement techniques are available to researchers, due to the restraints of time, effort, 
and resources, none of these save physical activity questionnaires are applicable to large 
samples characteristic of epidemiological cohort studies. The Ohsaki Cohort Study 
(42,470 participants; Li, et al., 2010), Japan Public Health Center-based Prospective 
Study (95,520 participants; Kanda, et al., 2010), E3N EPIC Prospective cohort study 
(65,374 participants; Cottet, et al., 2009), European Prospective Investigation into Cancer 
and Nutrition (478,533 participants; Biichner, et al., 2009), and Adventist Health Study-2 
(96,194 participants) are typical examples of the massive sample sizes generally acquired 
for such ventures. As a result, common methods of measuring physical activity or energy 
expenditure such as the doubly labeled water method, indirect calorimetry, direct 
observation, pedometers, accelerometers, heart rate monitors, interviews, or even simpler 
subjective methods such as journals, diaries, and logs are impractical and unwieldy. 
Though the survey method is easy to mass-produce for the purpose of distribution 
to a large number of participants, it also unfortunately lacks objectivity due to the biased 
reports of the participants. Many studies have found aerobic activity to be grossly 
overestimated and sedentary activity to be underestimated (Klesges, Eck, Mellon, 
Fulliton, Somes, & Hanson, 1990). This does not suggest that the participants are 
necessarily intending to deceive the experimenters but rather are influenced by a variety 
of factors such as poor memory, particularly among the elderly (Godin & Shephard, 
1985). Often over looked, seasonal variation can alter the responses given by participants. 
One study found that although 32% of people exercise for at least three 20-minute 
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intervals each week during July, this number decreases to 23% in the winter. 
Interestingly, older individuals were more susceptible to seasonally based fluctuations in 
physical activity (Uitenbroek, 1993). A similar Canadian study found participants to 
expend 31% more energy in summer than in winter, with an 86% greater chance of 
engaging in leisure physical activity during the summer months (Merchant, Dehghan, & 
Akhtar-Danesh, 2007). In order to correct for this, questionnaires requesting long-term 
recall should be given to participants over the span of at least one year to control for 
seasonal variability. Questionnaires focusing on short-term recall (a few days to a week) 
of physical activity need to ensure that both weekdays as well as weekends are included 
in the information given for similar reasons. 
The three major remaining factors to consider in the reliability and validity of 
exercise-related questionnaire responses are age, social desirability, and complexity of 
the questionnaire (Durante & Ainsworth, 1996; Baranowski, et al., 1981; Coughlin, 
1990). Either due to confusion, boredom, or fatigue, it is typically the simplest 
questionnaires that receive the highest item reliability (Sallis, et al., 1993). A study 
comparing the reliability of the Baecke and the Tecumseh questionnaires determined that 
the Baecke's higher degree of reliability with the external measures V.02 and a tri-axial 
accelerometer for movement registration (Tracmor) was largely due to its simplicity 
(Philippaerts, Westerterp, & Lefevre, 2001). Though more detailed and specific, the 
Tecumseh had a weaker degree of reliability. Social desirability is often a culprit in many 
self-report questionnaires, physical activity surveys being no different. Individuals tend to 
over-report exercise and under-report sedentary activities such as watching TV due to the 
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attached connotations of these activities. In some cases such overestimations have been 
measured to be approximately 300% of the actual value (Klesges, et al., 1990). 
Age has been found to play a strong biasing role in the reports of subjective 
intensity of physical activity (Coughlin, 1990). Older adults have been found in a number 
of studies to over-report the intensity as well as the duration and frequency of their 
physical activity. Coincidentally, the major age cutoff between younger and older adults 
used by much of the present research is 60, the mean age of the AHS-2 sample to be used 
here. A 1994 study (Falkner, Trevisan, Zielenzy, Freudenheim, Winkelstein, & Fisher, 
1994) provides evidence that not only do older adults over-report physical activity but 
that younger males tend to under-report. In addition, younger males were better able to 
recall activity on non-working days as compared to working days and older adults with a 
low level of education were found to be more inaccurate than those with a higher 
education. The results of a more recent study concurred, showing older adults (>60) and 
those with lower levels of education (<12 years) give less accurate estimates of intensity 
(Wilcox, et al., 2000). For low-intensity activities such as walking, the energy 
expenditure is similar across age (Calloway & Zanni, 1980). In contrast, activity 
requiring greater stress on the body has been shown to expend more energy in young 
individuals (Yue, Woo, Ip, Sum, Kwok, & Hui, 2007). It has been suggested that the 
lower energy expense in older adults is a result of their decreased V02 capacity, maximal 
heart rate, stroke volume, and arterio-venous oxygen difference (Visser, Deurenberg, van 
Staveren, & Hautvast, 1995). 
All methods of physical activity assessment possess drawbacks and flaws, self-
report questionnaires being no exception. Despite the flaws inherent in questionnaires, 
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their relative low cost and capacity for mass production and distribution make them 
extremely attractive for large-scale studies. In order to determine the degree of validity of 
the surveys, a small representative sample of the larger pool of participants may be given 
additional methods of assessing physical activity measurement in accompaniment to the 
survey. Though these methods will also contain error, a high degree of agreement 
between the various methods provides evidence of survey-measure validity. 
Intercorrelations between items on the questionnaire or through the formulation of new 
variables via mathematical calculations are also useful. An example would be the 
creation of a speed variable by calculating MPH with distance and duration variables. 
Once the speed has been determined, reference tables can be used to estimate energy 
expenditure, most often described as KJ/min, oxygen consumption expressed as 
liters/min, or MET (metabolic equivalent of the task; Ainsworth, et al., 1993; Passmore & 
Durnin, 1955). It should be noted that these reference tables are normed on younger 
individuals and thus levels of intensity for older people may contain some inaccuracies 
which need to be corrected (Harada, et al., 2001). This can be particularly problematic 
due to elderly individuals' increased tendency to over-report intensity of activity. 
Physical activity questionnaires are validated by a variety of methods, generally 
of a more objective or reliable nature. Such methods include heart rate monitors, 
pedometers, accelerometers, the doubly labeled water method, direct and indirect 
calorimetry, treadmills, sum-maximum oxygen uptake and other tests of fitness, physical 
activity recalls, diaries, records, and interviews. With such a variable range of techniques 
available, the optimal method selected by researchers is often based on their construct of 
interest (e.g. total energy expenditure, physical activity, physical fitness, energy 
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expended through activity), the definitions by which they have operationalized their 
construct, their sample of participants, and their available resources. 
Whether the researcher is interested in total energy expenditure versus activity 
energy expenditure for example can make a significant difference in the design. This is 
due in part to the complexity of energy expenditure and its relationship with activity. A 
number of studies indicate that the resting metabolic rate (RMR), which accounts for 
approximately 70% of an individual's caloric expenditure, is altered by physical activity. 
When an individual is at rest following intense activity, the RMR experiences 
approximately two hours of a highly elevated state of energy use also known as excess 
post-exercise 02  consumption, or EPOC (Binzen, Swan, & Manore, 2001). The fact that 
30-45 minutes of a single episode consisting of intense physical activity can increase 
caloric expenditure for several hours following the event even when at rest is of 
significant importance. A study which measured the effects of a 9-week exercise program 
(rather than single episodes of exercise) found that at the conclusion of the 9 weeks, 
RMR of participants had increased 3-8% even 72 hours after the cessation of exercise. 
These short-term effects can become even more long-term when exercise leads to the 
acquisition of lean body mass. Differences in lean body mass between people accounts 
for 50-70% of individual variation of RMR (Zhang et al. 2002; Westerterp, Meijer, 
Janssen, Saris, & Ten Hoor, 1992; Heshka, Feld, Yang, Allison, & Heymsfield, 1993; 
Geliebter, Maher, Gerace, Gutin, Heymsfield, & Hashim, 1997). Because lean body mass 
requires more energy to be maintained than fat, individuals with higher percentages of 
lean body mass experience a higher RMR, therefore expending more energy on average. 
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Indirect/direct calorimetry and the doubly labeled water (DLW) method measure 
resting metabolic rate (RMR) along with energy expended by physical activity (DLW 
will be discussed further and in more detail). Although this is a weakness when 
attempting to judge the amount of energy used for a specific activity, it can also be a 
strength when examining the extended benefits of exercise which have been shown to 
continue even after the physical activity itself has ceased. While calorimetry can measure 
the energy expended not only by the activity but also changes in post-exercise RMR, 
other measures such as pedometers or interviews do not. As a result, data collected using 
a pedometer (for example) will not reflect a period of EPOC, presenting somewhat 
distorted results should the researcher attempt to use the data to calculate total caloric 
expense or to compare energy expenditure measured both by a pedometer and DLW. This 
illustrates why the choice of method used to measure energy expenditure is often based 
on the researchers' specific focus. 
To determine the usefulness of the International Physical Activity Questionnaire, 
Long Form (IPAQ-LF) and its region-specific adaptation, the New Zealand Physical 
Activity Questionnaire, Short Form (NZPAQ-SF) in their ability to measure total energy 
expenditure (TEE), NZ researchers attempted to validate them using the doubly labeled 
water method (Maddison, et al., 2007). Both the IPAQ and NZPAQ are paper and pencil 
7-day recall questionnaires of which only the long form of the IPAQ and the short form 
of the NZPAQ were used. Thirty six participants between the ages of 18-65 participated 
in the study. Participation lasted 15 days and began on day 0 with measurements of 
height and weight. A pre-DLW sample of urine was taken along with a measurement of 
RMR. On the second day of testing (day 1), the DLW was ingested. 
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The researchers were particularly interested in the use of DLW as means of 
validation for the IPAQ as it had not been previously done. Proclaimed as the gold 
standard of energy expenditure measurement by many researchers, the doubly-labeled 
water method is perhaps the most objective of the available assessment methods. This 
variation of indirect calorimetry was performed by the researchers through a somewhat 
complex process. The participants were requested to ingest a standardized amount of a 
solution which might basically be considered to be water. Instead of H and 0 being 
combined to form H20, the constituent molecules used in this procedure were 2H and 180 
which were bonded together as water 2H2180. The levels of these isotopes were 
measured over time as the individuals slowly replaced the isotopes with their more 
naturally occurring variants. Hydrogen is naturally released from the body almost 
exclusively in the form of moisture, generally by means of urine, sweat, or respiration. 
Oxygen too is released from the body in the same form at a similarly uniform rate. Unlike 
hydrogen, however, oxygen is also released in the form of CO2. Therefore, the increasing 
disparity between levels of 2H and 180 at each measurement (due to the fact that the 
human body expends more 180 than 2H) gave an indication of how much of the 180 was 
being released in the form of carbon dioxide, and therefore how much CO2 was being 
produced. Because the production of CO2  is also directly related to the amount of oxygen 
used and heat produced by the body, CO2 release was used to calculate the amount of 
energy expended (International Dietary Energy Consultancy Group, 1990; Schoeller, 
1983). The researchers were interested in activity-related energy expenditure (AEE) 
rather than total energy expenditure (the measured product of DLW), thus the calculated 
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RMR energy expenditure and thermic effect of feeding were subtracted from the TEE 
(total energy expenditure) data provided by the doubly labeled water method. 
Due to the interest in AEE rather than TEE, a measurement of RMR on the first 
day (day 0) of the study was important. The RMR was measured by means of indirect 
calorimetry, using the MetaMax°3B portable gas exchange analysis system. This system 
measures caloric expenditure at rest based on an individual's oxygen consumption and 
expiration, carbon dioxide expulsion, and ambient conditions. The researchers elected to 
use the Weir equation in order to calculate the EE of the RMR (Weir, 1949). 
After DLW ingestion, another post-DLW urine sample was taken along with a 
series of anthropometric measurements (e.g. body composition). Spot urine sample 
collection was also conducted on day 8 and the final day, day 15. The IPAQ-LF was 
administered on day 0, 8, and 15 while the NZPAQ-SF was only given on days 8 and 15. 
The IPAQ-LF took about 15 minutes to complete as compared to the NZPAQ-SF's 10 
minutes. 
The researchers found that at the group level, the mean IPAQ and NZPAQ AEEs 
were significantly underestimated by participants when compared to AEE calculated 
from DLW data by 27% and 59% respectively. The underestimation was found to be 
greatest at the higher levels of activity intensity. This tendency towards underestimation 
has been mirrored in similar studies with 7-day recalls such as the Minnesota Leisure 
Time PA questionnaire, College Alumni Score, and Cross-Cultural Activity Participation 
Study Typical Week Activity Recall questionnaire. The authors point out that these three 
7-day recall questionnaires have also been shown to underestimate by 10-30% in DLW 
validated studies. Conversely, comparison with DLW has suggested other 7-day recalls 
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such as the Stanford Seven Day Recall Questionnaire overestimate energy expenditure. 
The authors did however recognize that because the IPAQ and NZPAQ did not request 
information on light activities, these activities were not reported in the questionnaires but 
were nevertheless expressed by the DLW. 
Interestingly, the following year the IPAQ-LF and NZPAQ-LF were validated in 
a study with the use of accelerometers (Boon, Hamlin, Steel, & Ross, 2008). Seventy 
participants between the ages of 18 and 65 wore an accelerometer at all times (excluding 
periods of sleep) for seven consecutive days. Accelerometers are devices similar to 
pedometers, used to measure vertical, medio-lateral, and anterior-posterior motions as 
well as magnitude. This is done through the use of a system of piezoelectric transducers 
and microprocessors. Linear regression can be run on the data collected by 
accelerometers with variables such as height, weight, gender, and age held constant as 
covariates to give a fairly accurate estimation of the individual's energy expenditure 
(Bouten, Westerterp, & Verduin, Janssen, 1994; Freedson, Melanson, & Sirard, 1998). 
Accelerometers are often used because they are relatively unobtrusive and less expensive 
than DLW though some research has demonstrated accelerometers only to be accurate 
when the participant is active. In one study (Cotes & Meade, 1960) energy expenditure 
was underestimated by 60% when the participant was sedentary as compared to being 
only 4% underestimated when the individual was walking. 
At the end of the seven day study, the participants took both the IPAQ-LF and the 
NZPAQ-LF. In direct contradiction to Maddison et al., Boon et al., found that both 
recalls overestimated physical activity by 165%. The questionnaires correlated well 
together (r = .79) but produced only low to moderate correlations with the data collected 
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from the accelerometers (r = 0.19 — 0.32). Despite the low correlations and large 
overestimation, the authors concluded that both forms had acceptable validity for the 
purpose of detecting an individual's ability to accomplish activity guidelines. Due to the 
overestimation, it was concluded that there remained a need for both tests to continue in 
their development. 
A large epidemiological study examining various aspects of lifestyle known as the 
European Prospective Investigation into Cancer Study-Norfolk (EPIC-Norfolk) 
developed a questionnaire intended to measure energy expenditure. The EPIC Physical 
Activity Questionnaire (EPAQ2) required measures of validity and reliability which were 
examined through the utilization of heart-rate monitors and cardio-respiratory fitness as 
measured by sub-maximum oxygen uptake (Wareham, Jakes, Rennie, Mitchell, 
Hennings, & Day, 2002). Questions inquired about how many times per week the 
individual participated in various activities and how many hours were spent per episode. 
The responses were converted into metabolic equivalent of the tasks using Ainsworth's 
Compendium of Physical Activities (1993). 
To validate the EPAQ2, 790 participants completed anthropometry, cardio-
respiratory fitness, and energy expenditure measurements (by means of heart rate 
monitoring). Of the original 790 participants, a random 200 were asked to return for three 
more rounds of measurements throughout the following year. On the final and fourth 
session the participants also took the EPAQ2. During the heart rate measurement periods, 
participants were expected to wear their heart rate monitors at all waking hours for four 
days. Heart rate has been shown to accurately measure energy expenditure due to the 
previously explained relationship between consumption of oxygen and the amount of 
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energy expended. Because an individual's heart rate increases as larger quantities of 
oxygen are required to meet the body's needs, heart rate can be a fairly accurate indicator 
of physical activity. Physical activity is not the only cause of elevated heart rate and thus 
other stimuli such as caffeine, environment, stress, smoking, emotions, and body 
positions can also alter data (Livingstone, 1997). As a solution, these confounding factors 
can be taken into account on an individual specific basis through correction. Though 
heart rate is often not a highly accurate measure on an individual scale, it functions well 
when measured across larger samples. In one particular study (Davidson, McNeill, 
Haggarty, Smith, & Franklin, 1997), individual scores (tested against the doubly-labeled 
water method) showed inaccuracies of up to 20% in either direction. Despite this (and 
most likely due to regression to the mean), the overall sample was found to be only 4% 
inaccurate. 
To optimize the predictive accuracy of the heart rate monitor with its relationship 
to oxygen consumption, a series of tests were run with each participant prior to the four 
day monitoring. First the participant was assessed simultaneously by both a heart rate 
monitor and an oxygen analyzer while lying down and seated comfortably. Using 
nitrogen and fresh air, the oxygen analyzer was calibrated daily to ensure enhanced 
accuracy. In order to obtain data capable of predicting 02 consumption at higher rates of 
intensity, the participant then cycled at 50 rpm (revolutions per minute) for three 
consecutive five minute stages. The first stage required a workload of 0 W (watts), before 
progressing to 37.5 and 75 W for the following two stages. For individuals whose heart 
rates did not exceed 120 beats per minute (bpm) by the conclusion of the third stage, a 
fourth was implemented with a 125 W workload. Three distinct measurements of heart 
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rate, minute volume, and expired air oxygen concentration were made at each stage. The 
collected data provided the slope and intercept necessary to accurately predict oxygen 
consumption at various levels of intensity as measured by heart rate. EE (kJ/min) was 
calculated as 02 inspiration (ml/min) x 20.35. EE at rest was calculated as the average 
between the EE measured while lying down and sitting. PAR (physical activity ratio) is a 
ratio of the amount of energy an individual is expending divided by their resting EE. Of 
particular interest to the study was the amount of time the participants spent at PAR 5, 
the minimum level of intensity required to be considered vigorous. This was measured by 
comparing the minute by minute data recorded by the heart rate monitors to the 
previously measured resting EE. Finally, VO2max was measured as the predicted 
maximum oxygen uptake at 220 bpm minus the participant's age using the cycling data-
derived regression line. Taking participant weight into consideration, the VO2max  was 
reported in units of ml/min/kg. 
After adjustment for the age and sex of participants, the correlation between the 
questionnaire and heart rate monitors was deemed modest (r = 0.28, p < 0.001). The 
correlations between the self-reported activity index, recreational activity, vigorous 
activity, work activity, VO2max., PAR ?. 5, and mean day time EE (calculated in kJ/hr) 
ranged from .15 and .28. The authors concluded that indeed the questionnaire had been 
validated and that the EPAQ2 was useful for measuring physical activity in large 
epidemiological studies. 
More recently a second independent group of researchers examined the validity of 
the EPAQ and the Friedenreich Lifetime Total Physical Activity Questionnaire 
(LTPAQ), this time using accelerometers (Cust, et al., 2008). One hundred men and 82 
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women between the ages of 50 and 65 began the study by self-administering the EPAQ 
and receiving the LTPAQ through a telephone interview. Six weeks later the participants 
wore an Actigraph (MTI) accelerometer for seven consecutive days. Two more 7-day 
accelerometer sessions were spaced 14 weeks apart for a total assessment of 21 days. The 
measurement periods were spaced so as to account for differences in seasonal variation. 
Ten weeks after the final session, the EPAQ was again administered to participants; a 
year after the baseline EPAQ had been given. 
A positive association was found between the EPAQ and the accelerometer data. 
Correlations between questionnaire item derived indices and the accelerometer data 
ranged between .29 and .37. The reported MET-hours/week of the baseline EPAQ and 
LTPAQ showed a positive association for the indices as well, ranging from .26 to .46. As 
a result it was concluded that the EPAQ and LTPAQ possessed a fair agreement with the 
more objective accelerometer and were thus suitable for ranking individuals according to 
their level of total physical activity. 
Though physical activity questionnaires are often validated by a measure 
considered to be more objective, it is not uncommon for researchers to validate a new 
measure by relating it to another subjective method that has demonstrated reliability and 
accuracy. Two such examples are physical activity logs and 7-day recalls. One such study 
was designed to test the validity and reliability of the physical activity questionnaire of 
the Shanghai Women's Health Study (SWHS PAQ), a population-based, prospective 
cohort study intended to examine the relationship between cancer and lifestyle. 
Approximately 75,000 women participated in the SWHS and of these, 200 were 
randomly selected to participate in the PAQ validation study. Participants were given the 
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SWHS PAQ at the commencement and the conclusion of the study, about two to three 
years apart. Throughout the ensuing inter-test interlude the participants were repeatedly 
administered a 7-day PA recall and PA log. At the close of the study, the average 
participant had completed 24.5 7-day PA recalls and 3.9 PA logs. The 7-day PA recall 
was an interview which was structured very similarly to the SWHS PAQ. The 
participants' reported physical activity over the previous seven days was summarized in 
units of intensity (METs), duration (hrs/week), and energy expenditure (MET-hrs/week). 
Though similar validation studies implementing the use of diaries, logs, or journals to 
record PA will occasionally request hourly updates, this study only had daily entries with 
duration estimates of household, occupational, transportation, or 
sport/exercise/recreational domains of life. 
Correlations between the PA logs and 7-day recalls were moderate-strong, 
ranging between .38 and .84. The PA logs correlated well with both administrations of 
the SWHS PAQ boasting correlations between .13 and .50. Comparing the SWHS PAQ 
to the 7-day recalls produced stronger correlations between .46 and .67. The study 
concluded that the results were at least comparable to other similar studies and that the 
strength of the correlations confirmed the validity of the SWHS PAQ. The significant 
utility of the PA portion of the health study is its ability to reliably measure and classify 
individuals into quintiles of physical activity. 
The Adventist Health Study-2 
The Adventist Health Study-2 questionnaire contains two pages of questions 
pertaining to physical activity, more specifically to its frequency, duration, and intensity. 
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Intensity has been defined several different ways in past research. It can be defined as a 
ratio between the level of energy expenditure achieved during a specified physical 
activity and the degree of expenditure when at rest. Nearly the opposite of this format, it 
is also often commonly considered to be a value relative to the peak performance of that 
individual (Shephard, 2001). This second method compares the energy expenditure of a 
specific activity to the highest level of intensity possibly achievable by that individual 
rather than the lowest level (the point of comparison for the first method). In the 
measurement of aerobic activity intensity, maximal oxygen intake is typically used, most 
often calculated as fractions of the heart rate reserve, or more recently as fractions of the 
oxygen transport reserve (Howley, 2001). Because most individuals are unaware of their 
basal metabolic rate, maximal oxygen intake, or peak performance levels, questions 
employed in the Adventist Health Study expressed intensity in absolute terms. To aid the 
participant in understanding the meaning of each degree of intensity (light, moderate, 
vigorous, and extremely vigorous), descriptions of what sorts of leisure, work, and 
house/yard work activities that might fall into each category were given. 
The Adventist Health Study presents a special opportunity to investigate the 
effects of physical activity on health on a large scale with 96,000 participants. Though 
many past studies have investigated this interaction, Seventh-day Adventists as a sample 
possess certain characteristics which make this study of particular interest. Many 
variables influence the health of people, particularly diet, smoking, and alcohol 
consumption. Though these factors can be controlled for statistically, testing physical 
activity in the absence of these variables is advantageous. Unfortunately it can be 
challenging to find even small samples of willing participants for which unhealthy diet, 
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smoking, and alcohol are not present and nearly impossible to find the massive sample 
sizes needed to fully test the effects of physical activity on health. Seventh-day 
Adventists, however, are a religious denomination in which these behaviors are 
significantly lower than in the general population. Health is a strongly featured factor of 
the Adventist lifestyle. Thus very few Adventists drink (less than 10% drink at all) or 
smoke (1.8%) and more than half do not regularly eat meat with only 4% eating pork 
(Fraser, 2003). 
A number of questions chosen for the Adventist Health Study are also frequently 
used in other studies and have been previously validated by a growing body of literature 
(Hertogh, Monninkhof, Schouten, Peeters, & Shuit, 2008; Wareham, et al., 2002; Yore, et 
al., 2007; Ishikawa-Takata, et al., 2007; Craig, et al., 2003; Martinez-Gonzalez, Lopez-
Fontana, Varo, Sanchez-Villegas, & Martinez, 2005; Ken-Dror, Lerman, Segev, & 
Dankner, 2004). The first page of physical activity items of the AHS-2 was based on the 
previous research of the Harvard College Alumni Study (Paffenbarger, Wing, & Hyde, 
1978). These items are frequently used in other questionnaires including those discussed 
above (though to a greater extent for some of these questionnaires than others) and have 
been validated numerous times. Many of these self-administered physical activity 
questionnaires (i.e. the Harvard College Alumni Study) provided information using 
questions pertaining to running, jogging, and walking which were later used to create a 
walk-run-jog index as well as questions regarding the frequency with which participants 
engaged in activity vigorous enough to induce sweating. Such questions are reflected in 
several of the questions in the AHS-2 questions. The researchers examined the 
relationship between this questionnaire and several objective measures of physical fitness 
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(maximal treadmill performance, etc.) using 12,225 participants (Kohl, Blair, 
Paffenbarger, Macera, & Kronenfeld, 1988). Multiple regression analyses found that the 
walk-run-jog index (beta = 0.31) and frequency of sweating (beta = 0.35) were fairly 
predictive of fitness level, with a multiple correlation coefficient of 0.65. 
These familiar physical activity items will therefore not be the central focus of the 
present validation study. Several of the questions more unique to this particular study (see 
page 2), however, do require validation. The validation of these items will be examined 
through a calibration study which will entail the comparison of questionnaire responses 
(provided by variables and indices on the AHS-2 short form) to the more reliable 
measurement of indices derived from 7-day physical activity recalls and clinical data. 
Physical activity, the main construct of the present study, is any bodily movement 
produced by skeletal muscles that results in energy (or caloric) expenditure and thus the 
pertinent measures are those which measure energy usage. To be clear, the study goal is 
to assess physical activity and not caloric expenditure. Caloric expenditure, though 
important, is merely one of the routes by which physical activity benefits the body and is 
an accurate measurement for assessing levels of physical activity. Physical activity 
provides many benefits (psychological, cognitive, strength, bone density) which are not 
direct functions of caloric expenditure. In order to validate the present study's physical 
activity measures, three major paths will be taken. First the measures will be internally 
validated by examining the correlations between indices which theoretically should be 
associated within the AHS-2 short form measures. Second, the indices of the AHS-2 
short form will be externally validated through comparison with their equivalents in the 
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seven-day recalls of the calibration study. Finally, clinical data will be used to compare 
physical activity to diagnosis of metabolic syndrome. 
Hypotheses 
1. Each intensity level-based index of physical activity (inactive, moderate, vigorous, 
and total) calculated on the AHS-2 short form is predicted to correlate positively with 
the corresponding level of activity on the 7-day recall. The more time reported 
engaged at a specific level of intensity on a short form activity item, the more it 
should be recalled in the 7-day recall. 
2. The data derived indices "vigorous recreational activity" and "walk-run-jog" of the 
short form and the "vigorous activity" indices (calculated from data of the short form 
as well as the 7-day recall) will be positively correlated. 
3. The indices "vigorous recreational activity," "walk-run-jog," and "vigorous activity" 
will be negatively correlated with BMI. 
4. Individuals engaging in a higher level of physical activity will be less likely to 
acquire the diagnosis of metabolic syndrome. 
5. Older individuals (ages 60 and higher) are predicted to have over-inflated estimates of 
their physical activity as indicated by lower correlations between the short form and 
7-day recall responses when compared to younger individuals (ages 59 and lower). 
Sixty was chosen as the cutoff due to the prevalence of this age cut-off in the 
literature and the mean age of the calibration study sample. 
Additional aims. Though not a hypothesis there were two additional aims of the 
present study. Reliability is necessary though not sufficient for validity. To assess validity 
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conclusively, reliability must therefore be analyzed. This will be done using test-retest 
reliability and examining the internal consistency of Cronbach's alpha. Factor analysis 
will also be used to evaluate patterns among the relationships between variables and 
discover whether the items on the questionnaire can be organized into a reasonable set of 
factors. 
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Materials and Methods 
Participants 
AHS-2 cohort. The Adventist Health Study-2 was conducted using 96,194 (as of 
May 31, 2007) Seventh-day Adventists living in the United States and Canada. The 
participants were evenly distributed throughout the U.S. (only 4,059 were from Canada) 
and were collected from 4,500 different congregations. The cohort includes 65.1% 
females; 34.9% males, and an age range of 30-112 years (mean age = 60.2). Though the 
majority of the sample was White (65.3%), 26.9% were Black and 7.8% were other 
ethnicities. White and Black participants were primarily targeted in recruitment. The 
inclusion criteria specified that the participant be Seventh-day Adventist, 30 years of age 
or older, and possess English-speaking proficiency at the level of the questionnaire. 
Participants were recruited by church leaders of selected congregations and compensated 
with a pen and completion certificate, or $10 for Black participants. This unique sample 
possesses important characteristics which afford valuable information. 
Calibration study subsample. A representative group of the Adventist Health 
Study's sample was used in the calibration study for which approximately 1,011 
Adventists participated. The calibration study participants were expected to participate in 
four separate phases of data collection; the short form, 7-day recall #1, 7-day recall #2, 
and the clinical phase. Due to attrition and occasional participant unavailability, all 1,011 
participants did not complete every phase of the substudy. As a result, 981 participated in 
the clinical phase, 989 in 7-Day recall #1, 648 in 7-Day recall #2, and 995 took the short 
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Figure 1. Numbers of participants by data collection phase 
Materials 
The data which will be used in this study are from the Adventist Health Study-2 
and the Calibration Study data archives. These data archives include some demographic 
information from the AHS-2 and the calibration study's short form, two 7-Day recalls, 
and the clinical measurements. More specifically, seven indices will be calculated from 
the variables provided in these data sets. Though the AHS-2 is a lengthy questionnaire 
and even the short form is fairly extensive, only two pages (Cl and C2) are of primary 
interest (see Appendix A). The items of central importance are 3, 4, and 5 in their 
entirety. 
• Demographics. A number of important demographic variables were used as 
covariates or independent variables such as: level of education, age, sex, location, 
retirement, menopause, and ethnicity. These variables were collected by method of self 
report through the baseline AHS-2 and the short form. The ethnicities Black/African 
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American and Caribbean were grouped together as Black. This was done to improve the 
number of participants in the category. 
Physical activity items. The calibration study data specifically measuring 
physical activity was collected through the short form and two 7-day recalls. Using this 
data, the following seven physical activity indices were created: (1) vigorous recreational 
activity, (2) walk-run-jog, (3) vigorous activity, (4) moderate activity, (5) total activity, 
(6) inactivity, and (7) BMI. The precise calculations of these are discussed at great length 
in the procedures section (their creation is considered to be part of the study 
methodology). 
Anthropometric and biological measures. As a part of the calibration study's 
clinical phase, each participant provided samples of blood and urine as well as body 
measurements (height, weight, waist circumference, etc) which were then used to 
determine a host of variables. A small group of these variables (fasting glucose, 
triglycerides, HDL, waist circumference, and blood pressure) are distinguishing criteria 
for the diagnosis of metabolic syndrome. These variables were used as continuous 
variables (in multivariate regression models) and to develop a dichotomous metabolic 
syndrome variable which indicated the presence or absence of metabolic syndrome. In 
addition to these metabolic syndrome criteria variables, BMI was used to evaluate the 
third hypothesis. 
MET value derivation. A final important source of information is the 
Compendium of Physical Activities (see Appendix B for the updated MET reference 
table) from which all MET values (Metabolic equivalent of the task) were derived 
(Ainsworth, et al., 2000). The Compendium of Physical Activities is a reference index for 
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the estimated intensities of various physical activities. The list of activities in the 
compendium is expansive and includes the vast majority of common activities Americans 
might be expected to engage in. For each activity the compendium provides an estimated 
MET value, the name of the specific activity, and then an example of such an activity. 
For general activities such as walking which may differ widely by context, the 
compendium may have close to 40 entries detailing various forms of walking and their 
respective intensities expressed in MET values. For example, walking 2.5 miles per hour 
on a flat firm surface is given a MET value of 3.0 while walking at the same speed 
downhill is assigned a value of 2.8, reflecting the understanding that walking downhill is 
slightly easier. Unsurprisingly, more difficult forms of walking such as walking up stairs 
with a 75 pound load or walking at 5.0 miles per hour are given much higher MET values 
(12.0 and 8.0 respectively). The MET values of the compendium were derived from a 
wide selection of validated physical activity records, logs, and surveys, many of which 
were conducted by Ainsworth et al. 
Procedure 
Calibration study. With much literature describing physical activity 
questionnaire validation methodology, the researchers of the AHS-2 planned to validate 
and then calibrate physical activity and diet items. The diet items have been calibrated 
with recall data, the current investigation will use a similar method to validate the 
physical activity items. The calibration study was conducted with individuals who had 
participated approximately two years earlier in the AHS-2. Each calibration subject's 
participation lasted for less than a year (about 10 months) though the substudy itself 
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spanned between 2004 and 2008. Separating the start dates of the participants was 
important as it served to distribute their participation evenly by seasons. Because summer 
months have higher rates of activity compared to winter months, having data from the 
participants across the full range of seasons gave a more accurate estimation of the 
quantity of time spent in physical activity and a broader view of the full spectrum of 
activity generally performed. Though the participants did not all begin their participation 
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1The AHS-2 was given one to two years before the calibration study began. During the 
calibration study, clinic data and the short form were administered between months three 
and eight. Three 24 hour dietary recalls and one 7-day physical activity recall were given 
between month one and month three and then again between month eight and month ten. 
Figure 2. Calibration study timeline' 
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Calibration substudy procedures. Each participant was interviewed by a trained 
interviewer on a series of questions regarding diet by telephone and then they received a 
second phone call one week later regarding physical activity. The participant was 
reminded that they would be receiving another call in the following weeks regarding their 
physical activity. The interview protocol contained a number of guidelines as well as 
suggested interview scripts (see Appendix C for exemplars). After a brief introduction 
and explanation of which forms of physical activities were important and how to classify 
their intensities, the interviewer asked the participant what time they went to bed the 
previous night and what time they woke up that morning. Next, the participant was asked 
to list all the physical activities they had engaged in on the previous day beginning with 
the morning and ending with the evening. The participant was requested to name the 
activity, provide an estimation of duration and perceived intensity; the interviewer also 
recorded the intensity they believed the activity was actually performed at. When 
appropriate, the interviewer probed for additional information such as how far the person 
went (if the participant was walking, jogging, running, bicycling, etc.) or how much they 
lifted (if the participant was carrying boxes, bags of cement, fertilizer, etc.). The 
interviewer also asked for clarification of ambiguous or suspicious responses and guided 
the participant through the past week to aide recall. After the participant listed activities 
performed that day, the interviewer proceeded by inquiring about the previous day, again 
asking about the times they went to bed and woke up, and their physical activities and so 
on until seven days of physical activity recall were completed. The data collected by this 
method comprises the 7-Day recall measure for the current study. 
39 
After this first physical activity 7-day recall, the participant entered a five month 
waiting period before the administration of the second 7-day recall. During the short 
hiatus they received and completed the AHS-2 short form, most notably section C (the 
physical activity items) in its entirety. The short form consists of the AHS-2 
questionnaire's physical activity, diet, and other various demographic items. The short 
form can be conceptualized as being basically the same as the full size questionnaire, 
only with several sections removed. The short form physical activity section is identical 
to the full size AHS-2. 
The clinical data was collected during the same time frame as the AHS-2 short 
form self reported physical activity items were. Anthropometric and biological data were 
collected in a series of clinics across the U.S. Fasting blood samples, overnight urine 
samples and blood pressure as well as weight, height, and measurements of hips, waist, 
buttock, underarm, temple, and forearm were taken. 
After a five month delay, participants were again interviewed via telephone for 
the second physical activity 7-day recall. As such, the self report physical activity items 
were administered between the two 7 day recall interviews, closer in proximity than the 
original baseline self report physical activity items. In addition, the five month delay 
allowed seasonal variation in each participant's measures for more accuracy. The second 
physical activity 7-day recall marked the end of the physical activity portion of the 
calibration substudy. Following the second physical activity 7-day recall, three more diet 
recalls occurred. At the close of the calibration study, the researchers had collected 
physical activity and sleep data through two physical activity 7-day recalls; diet data from 
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six 7-day diet recalls; physical activity, diet, and demographic data from the short form; 
and anthropometric and biological data from the clinics. 
Index development. Several data screening processes were conducted before 
testing study hypotheses including; analyzing missing data, outliers, the distribution, and 
any unexpected trends. Because of the importance of age, ethnicity, and other 
demographic variables, these items were also examined. The resulting information 
indicated that two common physical activity questionnaire issues needed to be 
confronted. 
First, to address perceptions of exercising more vigorously than in reality on the 
short form questionnaire, a mathematical estimate of each participant's miles per hour 
(mph) was calculated. This was done by dividing the answers derived from the question 
"How many miles do you average per 'walk' or 'run' or 'jog' workout?" (or distance 
travelled) by "What is your average time spent in each 'walk' or 'run' or 'jog' exercise 
session?" (time spent travelling). The determination of the participants' reported mph 
provided a value regarding the accuracy of the self reported exercise assessment. To 
illustrate, an individual who reported running two miles on the short form questionnaire 
did not seem suspicious. Likewise, an individual stating that they jog for 10 minutes each 
day was equally believable. When examining both variables simultaneously through the 
calculation of mph however it becomes more obvious that running two miles during their 
10 minute per day jog is equivalent to 12 mph, the likelihood of such an event is suspect. 
Such items were uncommon and deleted entirely before analysis. 
Because the "light" level of physical activity seems to be frequently under-
reported in past research, the AHS-2 did not request any information on light activity. 
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Light activity includes behaviors such as sitting, conversing, or watching television. 
These commonplace and somewhat mundane activities do not seem to readily stand out 
in people's minds, contributing to a large degree of recall error. Because people tend to 
grossly underestimate the amount of time they spend in such activities, no information on 
light activity was requested in the AHS-2 self report. Light activity engagement was 
therefore estimated through alternative means. To correct for this, all other categories 
along with sleep were combined to find the total amount of time spent each day in 
activities which are not considered to be light. This amount was then subtracted from a 
total 24 hour period giving a more accurate estimate of the time spent by the participant 
in light activity. Thus an individual who spent 14 hours a day sleeping and engaging in 
moderate to extremely vigorous activity would be estimated to spend 10 hours in light 
activity per day. 
Though inter-item correlations can prove useful, transforming the variables of a 
physical activity dataset into indices may provide additional information. MET based 
indices can predict the amount of energy expended by an individual of a particular weight 
in units of kilocalories. Though physical activity has a wide range of benefits which are 
obtained through a variety of processes, caloric expenditure is perhaps the most important 
and gives the most accurate estimation of physical activity, making it the major focus of 
this study. Thus the indices formulated for the use of this study are focused with the 
intention of most accurately measuring energy expense. 
The Compendium of Physical Activities provides some basic methods which may 
be used to calculate energy cost, utilizing kilocalories as the basic unit of energy. The 
first necessary step is to measure the number of kilocalories burned at the resting 
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metabolic rate (RMR). For an average person, the RMR is approximately 1 kcal * kg 
body weight-1 * hours 1•  This means an average person at rest utilizes about 1 kilocalorie 
for each kg of body weight, per hour. The Compendium provides a table with the MET 
values already assigned to a wide variety of physical activities. The intensity level of 
physical activities in METs is expressed as multiples of the resting metabolic rate. 
Therefore, to find the amount of energy expended by a person, the calculation requires 
only body weight, duration and intensity of activity, and type of activity. The level of 
intensity (mph or weight lifted) and type of activity are used to find the appropriate MET 
value listed in the Compendium which is added to the equation with weight and duration. 
For example, a person indicates that he or she went bike riding at a leisurely pace for 40 
minutes. This person weighs about 60 kilograms. On the Compendium reference table, a 
leisurely bike ride has been assigned a MET value of 4.0. To calculate caloric 
expenditure, therefore, one would multiply 4 by the 60 kilograms of body weight, then by 
40min/60min. This equals 160 kcal for the 40 minute duration of activity or (if dividing 
by 40 minutes) 4 kcal per minute (Ainsworth, et al., 1993). 
This information was applied to the validation of the AHS-2 self report through 
the development of MET-based indices which were applied to the data collected from the 
calibration study. First the "vigorous recreational activity" index was created by 
combining the variables indicating frequency and duration of recreational activities which 
are vigorous enough to "work up a sweat" (questions 3a and b in section C of the short 
form). When combined with the clinical data recording the participants' measured weight 
and the reference tables from the Compendium, the calories burned from this form of 
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vigorous activity each week was calculated. The primary function of this index is to give 
an estimation of the time participating in recreational activities. 
A second index called the "walk-run-jog index" was created using the frequency, 
duration, and length of distance performed by individuals in a physical activity program 
consisting of walking, jogging, and/or running (questions 4b, c, and d, section C). This 
index was then used to calculate caloric expenditure using the same MET format 
previously described (assuming that 1 MET = 1 kcal•kg-1 body weight•h-1). In order to 
determine whether the individual was engaging mostly in walking versus jogging, mph 
was calculated using the distance and time variables (distance divided by time). The 
purpose of the walk-run-jog index was to estimate the amount of time and energy 
expenditure participants derived from regular running, jogging, and walking based 
exercise programs. Such physical activity would mostly consist of purposeful exercise 
unlike the unstructured leisure/recreational activity which was measured in the vigorous 
recreational activity index. 
For page 2 of section C (or question #5) a different route of validation was 
utilized. These questions ask how much time was spent in moderate, vigorous, and 
extremely vigorous activity. These activities (plus RMR and diet-induced caloric 
expense) are responsible for all of an individual's weekly caloric expenditure. An 
estimation of the MET for each level of activity was determined in previous research 
using Compendium values and will be used for this study (Singh, Fraser, Knutsen, 
Lindsted, & Bennett, 2001). Using previous estimations, a physical activity level of 
moderate intensity was assigned a MET value of 4.5. The "moderate activity index," is 
intended to be a reflection of the participants' total moderate activity for the entire week. 
44 
The structure of this item is particularly important because the estimation is divided by 
day across the span of the entire week, in effect similarly mirroring the day by day 
structure of questioning conducted in the physical activity 7-day recalls. Moreover, this 
question-structure provides the researcher with the ability to differentiate between 
activities of the weekdays and weekend which are often different (giving deeper insight 
into weekly routines than the first two indices are intended to provide). 
A "vigorous activity index" was also created by combining time spent in vigorous 
activity (assigned with a MET of 5.5) with time participating in extremely vigorous 
activity (MET of 7.0). This was also multiplied by hours per week (MET. body weight.h-
1). Like the moderate activity index, the vigorous activity index provided information on 
activity across the span of the week, albeit with a much higher level of intensity. The 
vigorous and very vigorous indices were summed together due to their less prevalent 
reported activity in this study. The combination of these levels of intensity in response to 
low rates is common in other similar studies (Hu, et al., 1999; Hu, et al., 2000; Gutin, 
Zin, Humphries, & Barbeau, 2005). 
Next an inactivity index was similarly calculated by subtracting the time spent in 
sleep, vigorous activity, and moderate activity from the total time in the week. Inactivity 
has been assigned a value of 1.5 MET due to the understanding that the body at complete 
rest functions at 1 kcal-kg-1 body weight-h-1 or 1 MET (the compendium considers sitting, 
standing, eating, and talking to be 1.5 MET). Inactivity is particularly important because 
its calculation in necessary to estimate total physical activity expenditure for the duration 
of the day. Inactivity's significance also stems from research showing that not only are 
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moderate to vigorous physical activities associated with good health outcomes, inactivity 
is associated with poor outcomes (Colditz, 1999). 
A sixth and final "total activity index" was calculated by adding the previous 
three indices together. The total activity index is imperative to the study for its ability to 
provide an integrated summary of physical activity and energy expenditure. 
Statistical Analysis 
The present study required extensive data preparation before data analysis could 
proceed. For example, the data collected in the 7-day recalls, physical activity short form, 
clinical measurements, and AHS-2 questionnaire were located in separate datasets. The 
formatting of the data was not uniform, much of it having been wholly untouched since 
its collection. As a result, the datasets could not be merged in their current condition, 
much of the data consisted of string variables which could not be statistically analyzed 
(e.g., the sleep and physical activity of the 7-day recalls), and though many variables 
were coded numerically, they too had to be converted into more meaningful variables and 
indices. This primarily pertained to the physical activity short form data which remained 
in the questionnaires original categorical format. For example, a question whose 6th 
response was intended to indicate "more than 2 but less than 3 hours" would simply be 
recorded as 6. This response of "6" could not be directly correlated to the interview data 
which was recorded in specific durations given in units of hours and minutes. As a result, 
an arduous recoding process preceded hypothesis testing. An explanation of the steps 
taken to reformat and recode the datasets follows, divided in sections by dataset with 
minor exceptions. 
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7-Day recall sleep data set. In its raw form, the sleep database's entries indicated 
the times when participants went to sleep and woke up; mirroring the method they were 
obtained during the phone interviews. To be utilized effectively, these entries needed to 
be converted into the number of hours each participant slept a night and over the average 
week. Because sleep cycles are often not consistent across weekdays and weekends, the 
specific days of sleep needed to be retained. The data set listed the days of recorded sleep 
as day 1, day 2, etc. The short form requested information on sleep by days of the week, 
thus in order to maintain consistency it was imperative to recode all variables as Sun, 
Mon, Tues, etc. 
To accomplish this task, the variable "Recall Date" was used. "Recall date" is the 
interviewer-recorded date of the interview. During the interview, the interviewer first 
asked the participant when they went to sleep and woke up the previous night. This was 
recorded as day 1 on the sleep dataset. Thus the times given for "sleep 1" and "awake 1" 
are for the night previous to the date of the interview (e.g. Recall date). After the 
interviewer asked the participant for the times they went to sleep and woke up on the 
previous night, they asked for the sleep times of the night before that, followed by the 
night before that, and the night before that. As a result, the days on the dataset were 
backward; day 1 was the most recent date; day 7 was the oldest date. Consequently, if an 
interviewer gave the participant an interview on the "Recall date" day of Sunday, Day 1 
records Saturday night's sleep, Day 2 is Friday night's sleep, Day 3 provides Thursday 
night's sleep, and so forth. Two successful interviews were given to 2/3 of the 
participants, meaning that most participants had two full weeks of sleep hours recorded. 
The first set of variables created recorded the amount of time spent in sleep for each of 
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the 14 total days. For example (assuming that a hypothetical "Recall date" was on 
Monday): 
Variable 1=Sunday Hours of Sleep Week 1 . . . Variable 7=Saturday Hours of Sleep 
Week 1; 
Variable 8=Sunday Hours of Sleep Week 2 . . . Variable 14=Saturday Hours of Sleep 
Week 2, 
Once the sleep hours for each day of the week were transformed into new 
variables, five more variables were computed: (1) summing the hours slept in week 1, (2) 
summing the hours slept in week 2, (3) summing the previous two variables (providing a 
total sleep for two 'weeks), (4) the average amount of time spent in sleep per day (based 
on total sleep for two weeks divided by 14), and (5) the average amount of time spent in 
sleep per week (based on total sleep for two weeks divided by 2). 
7-Day recall, physical activity. The untreated format of this dataset contained the 
amount of time spent engaging in specified physical activities. Descriptions by 
participants included level of intensity and week of activity (there were two weeks of 
activity for the 7-day recalls). Because some participants engaged in 30 different periods 
of activity over a week's time while others reported only two or three, the number of 
cases assigned to a single participant was highly variable. The data was divided into 
categories, summing the total amount of time for all listed activities by level of intensity 
(light, moderate, hard, and very hard activity) for week 1, week 2, and both weeks 
combined for each participant. The intensities for the 7-day recall coded as "hard" and 
"very hard" are equivalent to those recorded on the Short Form as "vigorous" and "very 
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vigorous." Once the summed time was recorded in minutes, the next step was to address 
the issue of missing data. 
Though 989 participants received the first 7-day recall, only 648 were given the 
second. Removing those with missing data would result in a severe loss of sample size 
and as such was deemed an unsatisfactory solution. Instead, multiple imputation was used 
to predict data for the missing 340 participants' second 7-day recall. Before the analysis 
could commence, assumptions were tested; ANOVAs were used to test whether 
individuals who took the second 7-day recall reported similar levels of physical activity 
on the first 7-day recall as compared to those with missing data. Moderate activity and 
hard/very hard activity were analyzed separately. Levene's test of equality of error 
variances was not significant, p> .05 and thus homogeneity of variance was assumed. No 
significant difference was found between the missing and complete data groups on the 
first recall, (F(1,917 ) = .013, p> .05, the missing data group reporting a mean of 342.67 
minutes of moderate activity as compared to the complete data group's 339.46 minutes 
(see Tables 2 and 3). This very small difference of approximately three minutes was 
spread across an entire week. Next hard/very hard physical activity was examined, also 
with Levene's test suggesting homogeneity of variance, p> .05. Again, there was no 
significant difference between those with complete data (M = 239.70, SD = 350.63) and 
missing data, (M = 246.95, SD = 356.68) for hard/very hard activity (F(1,442) = .039, p> 
.05 (see Table 2). 
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Table 2 
Missing and complete data group differences for 7 day recall activity 
Source df MS F P 
Moderate 1 2128.472 .013 .909 
Hard/Very Hard 1 4840.963 .039 .844 
Table 3 
Group difference means and standard deviations 
Source M SD N 
Moderate 
Missing 342.67 460.34 315 
Complete 339.46 372.96 604 
Hard/Very Hard 
Missing 246.95 356.68 130 
Complete 239.70 350.63 314 
The assumption of interest was whether the data was missing completely at 
random. To test the assumption, polytomous/multinomial and ordinal regression were 
used. A variable coding 0 for missing data on the second 7-day recall and a 1 for 
completed data was created and analyzed against the moderate and hard/very hard 
activity (which were separately collapsed into ordinal variables based on frequency 
quintiles) of the first seven day recall. If the presence or absence of data for the second 
recall was able to predict the amount of physical activity reported in the first recall, there 
would be evidence that the data was not missing completely at random. The missing data 
for the second recall was not found to be predictive of the first recall for either moderate 
or hard/very hard activity (see Tables 4 and 5). Ordinal regression was used to analyze 
the data again; it too showed that missing data was not predictive of the amount of 
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reported physical activity for either moderate or hard/very hard intensity levels (see 
Tables 6, 7, and 8). 
Table 4 
Missing data as a predictor for multinomial physical activity-likelihood ratio test 
Effect Chi Square df p -2 Log Likelihood 
Moderate 6.983 4 .137 54.182 
Hard/Very Hard 2.633 4 .621 43.692 
Table 5 
Missing data as a predictor for multinomial physical activity-parameter estimates 
PA Categorya B Std. Error Wald df p 
95% Confidence Interval 
OR 	Lower 	Upper 
Moderate 
1 .275 .215 1.637 1 .201 1.316 .864 2.005 
2 .206 .221 .876 1 .349 1.229 .796 1.895 
3 -.223 .227 .967 1 .326 .800 .513 1.248 
4 -.083 .223 .137 1 .711 .921 .595 1.426 
Hard/Very Hard 
1 -.181 .324 .311 1 577 .835 .442 1.575 
2 -.070 .327 .046 1 830 .932 .491 1.768 
3 -.063 .321 .039 1 844 .939 .500 1.761 
4 -.502 .348 2.081 1 149 .605 .306 1.197 
a. The reference category is 5. 
Table 6 
Missing data as a predictor for ordinal physical activity-likelihood ratio test 
Effect Chi Square df p -2 Log Likelihood 
Moderate 3.141 1 .076 51.041 
Hard/Very Hard .002 1 .967 43.690 
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Table 7 
Missing data as a predictor for ordinal physical activity-parameter estimates 
PA Categorya Estimate Std. Error Wald df P 
Moderate -.220 .123 3.181 1 .074 
Hard/Very Hard -.008 .184 .002 1 .967 
Table 8 
Test of parallel lines across categories of physical activity 
Model 	Chi-Square 	df 	p 	-2 Log Likelihood 
General 2.631 3 .452 41.059 
With the assumptions satisfied the actual process of multiple imputation could be 
completed. Though all items which were to be used in the study's models were included 
in the multiple imputation, most served purely as predictors with only Season 2 (the 
season of the 2nd interview) and the 7-day recall physical activity variables were imputed. 
For this procedure the Markov Chain Monte Carlo (MCMC) method was used to impute 
values. Predictive mean matching was utilized for scale variables while logistic 
regression was used for nominal data. Multiple imputation was conducted by means of 
the multiple imputation add-on available for SPSS. 
The next step was to create two new sets of variables in which the amount of time 
spent in each level of intensity was converted into MET hours and kilocalories. The 
conversion to MET hours was performed using common methods. In order to perform the 
conversion, the sleep dataset and the variable for weight from the clinical dataset were 
added to the 7-day recall data set. As in the sleep data set, each of the new variables were 
created for week one, week two, and for both weeks combined. 
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The MET hour conversion was accomplished through the creation of four 
variables. To create variable 1 (Moderate activity MET hours), the amount of time spent 
in moderate activity was multiplied by 4.5 and then divided by 60. This simultaneously 
turned the time labeled as moderate into its equivalent in METs and transformed minutes 
into hours. The Moderate activity MET hours variable was made for each week of 
recorded activity. For variable 2 (Vigorous activity MET hours) the amount of time spent 
in hard activity was multiplied by 5.5 and the amount of time spent in very hard activity 
was multiplied by 7. These two numbers were then added together and divided by 60; 
(Hard PA x 5.5) + (Very Hard PA X 7) 
calculated as 	 60 	 . Similarly, the Vigorous activity 
MET hours variable was made for each week of recorded activity. Variable 3 (Inactivity 
MET hours) was formed by first combining the hours spent in moderate activity, hard 
activity, very hard activity, and sleep. These hours were then subtracted from 168 (the 
number of hours in a week), giving an estimate of the amount of time spent in inactivity 
for the seven day week. The resulting number was multiplied by 1.5. An Inactivity MET 
hours variable was made for each week of recorded activity. Finally, for variable 4 (Total 
MET hours) the MET hours from the previous three variables were summed together 
along with the total number of hours spent in sleep. A Total MET hours variable was 
made for each week of recorded activity. 
The final step for converting the raw data of the physical activity 7-day recall 
dataset was transforming the MET hours into kilocalories. To convert MET hours into 
kilocalories, each variable was multiplied by the individuals' weight (derived from the 
clinical dataset) in kilograms. The resulting number estimated the number of kilocalories 
expended for the given activities. In the aforementioned hypothetical case regarding an 
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individual who bicycled for 40 minutes achieving 4.0 MET hours, 4.0 would be 
multiplied by their weight in kilograms. If the person weighed 60 kilograms, then 4.0 x 
60 = 240 kilocalories. In 40 minutes the participant expended 240 kilocalories from the 
action of walking. This is in no way reflective of their TEE (total energy expenditure) but 
gives an estimate of AEE (activity energy expenditure). 
Combining the datasets. With the 7-day recall cases converted from a range of 
multiple time entries into a set of MET hours and kilocalories, standardized into one case 
per participant, combining the datasets was finally possible. All of the 7-day recall data 
along with its new MET hour and kilocalorie variables were combined with the complete 
sleep data set (including its new revisions), the complete short form dataset, the complete 
clinical data set, and several demographic variables from the AHS-2 (location, age, sex, 
ethnicity, retirement, level of education, and menopausal status). 
Short form dataset. The pre-existing variables in the short form necessitated the 
transformation of new variables which were more useful and meaningful for the present 
study. As was the case for the previous datasets, a number of different variables were 
created from this dataset including the Walk Run Jog, Vigorous Recreational Activity, 
Moderate MET hour, Vigorous MET hour, Inactivity MET hour, and Total MET hour 
Indices. The specific details on the construction and transformation of these variables are 
included in Appendix D. 
Producing and implementing a new RMR variable. A new RMR variable 
needed to be created to test the final hypothesis. Because age was an integral factor in 
the final hypothesis and age has been shown to influence RMR, the Mifflin-St Jeor 
equation was used (Mifflin, St Jeor, Hill, Scott, Daugherty, & Koh, 1990). The equation 
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for its creation was: (10 x w) + (6.25 x h) - (5 x a) + 5 for men and (10 x w) + (6.25 x h) - 
(5 x a) - 161 for women (where w = weight in kg, h = height in cm, and a = age). The 
gender, weight, and height variables came from the clinical data and age from the short 
form. The resulting number gives the total kilocalories burned by the RMR for an entire 
day. To give an hourly estimate, the resulting figure was divided by 24. The hourly RMR 
estimate of energy expenditure was then used to calculate a new series of kilocalorie 
variables. 
Metabolic syndrome variable. The final step in reformatting was the creation of 
a metabolic syndrome variable. Table 1 was used to create a variable for each of the 
diagnostic criteria, coding 0 when the criterion was unmet and 1 for those who qualified. 
Syntax was used to create a metabolic syndrome variable in which individuals who had 
three or more of the necessary criteria were classified as positive (signified by a 1) else 
they were coded as 0— no metabolic syndrome. 
Setting of significance levels. As is often the case in epidemiological studies, the 
number of participants was quite large. The majority of the analyses (depending on 
combination of variables and use of datasets) were based on samples of approximately 
700 - 95,000 participants. Unsurprisingly, most analyses, even very small correlations, 
were capable of receiving significance. As a result, a more stringent level of significance 
was set for the present study. All results are presented with a minimum significance level 




The first hypothesis stated that the AHS-2 short form would correlate 
significantly at each level of activity intensity with the 7-day recalls. For moderate 
activity there was a weak Spearman rank order correlation between short form MET 
hours (M = 56.050, SD = 56.760) and 7-day recall MET hours (M = 22.947, SD = 
21.695), r = .249, p < .001. A correlation was found between short form kilocalories (M = 
4,321.694, SD = 4,571.392), and 7-day recall kilocalories (M = 1,763.431, SD = 
1,794.043), r = .288, p < .001. At the vigorous intensity level the correlations were again 
weak for short form (M = 48.667, SD = 89.176) and 7-day recall (M = 10.301, SD = 
17.672) MET hours, r = .276, p < .001. For vigorous intensity kilocalories, the correlation 
between the short form (M = 3,683.167, SD = 7,127.306) and the recall (M = 777.883, SD 
= 1,401.121) was again weak, r = .294, p < .001. At the inactive intensity level the 
correlations were moderate for short form (M = 89.609, SD = 23.825) and 7-day recall (M 
= 155.374, SD = 13.636) MET hours, r = .497, p < .001. The correlation for inactive 
kilocalories between short form (M = 10,472.885, SD = 3,953.621) and recall (M = 
12,079.707, SD = 3,262.350) was strong, r = .764, p < .001. In the case of total MET 
hours, the correlation between short form (M = 297.238, SD = 92.238) and 7-day recall 
(M = 246.124, SD = 21.397) was moderate, r = .374, p < .001. Finally, a significant 
correlation between the total reported kilocalories of the short form (M = 23,149.226, SD 
= 9,339.235) and the 7-day recall (M = 19,117.932, SD = 5,014.800) was strong, r = .767, 
p < .001. 
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Table 9 
MET hour correlations between 7-day recall and short form PA intensity levels 
Variables 1 2 3 4 5 6 7 8 
1. 7-Day Moderate .072 -.463 .741 .249 .164 -.192 .234 
2. 7-Day Vigorous -.193 .562 .151 .276 -.163 .262 
3. 7-Day Inactive -.278 -.146 -.062 .497 -.060 
4. 7-Day Total .275 .321 -.152 .374 
5. SF Moderate .452 -.764 .846 
6. SF Vigorous -.585 .789 
7. SF Inactive -.779 
8. SF Total 
'All correlations were significant at the p < .001 level. 
Table 10 
Kilocalorie correlations between 7-day recall and short form PA intensity levels 
Variables 1 2 3 4 5 6 7 8 
1. 7-Day Moderate .091** .005 .371** .288** .186** .002 .296** 
2. 7-Day Vigorous .036** .280** .186** .294** .000 .243** 
3. 7-Day Inactive --- .822** .091** .075** .764** .658** 
4. 7-Day Total .235** .186** .625** .767** 
5. SF Moderate --- .457** -.379** .647** 
6. SF Vigorous --- -.323** .571** 
7. SF Inactive --- .153** 
8. SF Total 
p <.05, two tailed, **p < .01, two tailed. 
Interestingly, a fairly prominent gender difference was detected during the 
analysis of the bivariate correlations. For moderate activity MET hours, males had a 
correlation of r = .311, p < .001 as compared to the females' (r = .221, p < .001). For 
vigorous MET hours, the females' correlation was (r = .196, p < .001) while the males' 
was (r = .381, p < .001). For inactivity (males' r = .559, p < .001, females' r = .462, p < 
.001) and total activity (females' r = .322, p < .001, males' r = .457, p < .001). Females 
were found to report 14% less physical activity on the short form than they did on the 7- 
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day recalls and reported 186.9% more moderate, 456% more vigorous, and 21% more 
total MET hours on the short form than they did on the 7-day recalls. Males reported 
12.8% less inactivity on the short form and 92% more moderate, 257% more vigorous, 
and 19.5% more total MET hours. Though males and females reported fairly similar 
quantities of MET hours in the short form, their reports given during the 7-day recalls 
differed much more widely when examined with t-tests (see Table 11). It is important to 
keep in mind that mean differences are measured in hours per week. The 9.7 additional 
MET hours of moderate activity and 8.8 MET hours of vigorous activity reported by 
males (over females) represents approximately 18.5 MET hours of moderate to vigorous 
activity each week, a considerable difference. The difference in inactivity is of course a 
natural result of the males reporting more physical activity which was then subtracted 
from the weekly total hours when inactivity was calculated. 
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Table 11 
MET hour gender differences 
MET Variables Mean t df P Mean Diff 
SF Mod 
Male 56.091 .016 892 .987 .063 
Female 56.028 
SF Vigorous 
Male 59.4360 2.488 555.775 .013 16.088 
Female 43.3483 
SF Inactive 
Male 133.636 -.452 864 .651 -1.167 
Female 134.803 
SF Total 
Male 305.225 1.801 864 .072 11.988 
Female 293.237 
Recall Mod 
Male 28.670 5.971 472.656 <.001 9.669 
Female 20.036 
Recall Vigorous 
Male 16.459 6.160 431.307 <.001 8.842 
Female 7.124 
Recall Inactive 
Male 153.321 -3.655 537.985 <.001 -3.307 
Female 156.413 
Recall Total 
Male 254.971 8.478 455.873 <.001 13.681 
Female 241.570 
Second Hypothesis 
The second hypothesis that the two vigorous activity indices, Walk, Run, Jog 
Index, and the Recreational Activity Index would correlate positively together was 
supported. The correlations between the four indices generally ranged between .25 and 
.28 though the WRJ (walk, run, jog) and recreational activity indices correlated 
moderately, r = .652, p < .001 (see Table 12). 
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Table 12 
Spearman correlations between WRJ, recreational activity, and vigorous activity indices 
MET hour Variables Recall Vigorous SF Vigorous SF WRJ SF Recreational 
Recall Vigorous 	 .250 	.250** 	.259** 
SF Vigorous .169** .278** 
SF WRJ 	 .652** 
SF Recreational 
p <.05, two tailed, ** p < .01, two tailed. 
Third Hypothesis 
The third hypothesis that BMI would negatively correlate with the Vigorous 
Recreational, WRJ, short form vigorous, and the 7-day recall vigorous variables was 
supported with very weak correlations for two of the four indices. BMI presented a 
negative correlation with the WRJ Index (r = -.146, p < .001), vigorous recreational 
indices (r = -.122, p < .001), and 7-day recall vigorous index. The short form vigorous 
index (r = -.010, p < .01) was not correlated (see Table 13). Interestingly, kilocalories 
derived from the inactivity MET hour 7-day recall index were strongly, positively 
correlated with BMI (r = .841, p < .001) and moderately with waist to hip ratio (r = .389, 
p < .001). 
Table 13 
Spearman correlations between WRJ, recreational activity, and vigorous activity indices 
1 2 3 4 5 
1. BMI -.146** -.010 -.122** -.066** 
2. SF WRJ .169** .652** .266** 
3. SF Vigorous .278** .276** 
4. SF Recreational .250** 
5. Recall Vigorous 
** 
p <.05, two tailed, p < .01, two tailed. 
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Fourth Hypothesis 
To evaluate the fourth hypothesis that the diagnosis of metabolic syndrome would 
be predicted by physical activity, a series of regressions were conducted. First 
multivariate logistic regression was conducted using the enter method with the diagnosis 
of metabolic syndrome as the dependent variable. Metabolic syndrome was a 
dichotomous variable in which 1 indicated the presence of the disease and 0 indicated its 
absence. Three demographic variables (age, gender, and ethnicity), the 7-day recall MET 
hour variables at each level of intensity (moderate, vigorous, and inactive) and BMI were 
added as predictors. Both MET hours and BMI were added separately to examine 
whether each uniquely contributed to the model. For the analyses of hypothesis four the 
MET hour variables were divided by ten such that one unit of the new MET hour 
variables was equivalent to ten MET hours. This was done to make the odds ratios and 
coefficients understandable. 
The logistic regression model was run five separate times using the enter method, 
each time with a different set of predictors. The purpose of this was to examine the ability 
of the variables to predict metabolic syndrome when grouped into various combinations 
within the models. Wald statistics suggested that each of the variables in all models 
served as significant predictors (at the p < .05 level) with the exception of ethnicity and 
age which were simultaneously examined in models 1-4. The first model used only the 
three demographic variables. This model correctly classified 79.0% of the cases, a very 
small improvement over the 77.7% metabolic syndrome base-rate possessed by the 
sample. The correct percentage of prediction for the remaining models was fairly 
consistent, ranging between 79.9 and 80.8%. Variance explained was highest for model 
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5 (BMI, ethnicity, gender, and age) and lowest for model 4 (inactive MET hours, 
ethnicity, gender, and age) whose Wald statistic was not significant. 
For Tables 14 and 15 each of the models are labeled by their number (1, 2, 3, etc. 
in columns). Table 14 indicates the unstandardized beta weights for the logistic 
regression models along with their ability to correctly classify metabolic syndrome (in 
percentages), the Cox and Snell estimation of R2, and the Nagelkerke calculation of R2. 
Table 15 shows the odds ratios for the same five models, also including confidence 
intervals measured at the 95th  percentile and displayed in superscript within parentheses. 
Table 14 
Unstandardized logistic regression beta weights predicting metabolic syndrome 
Variables 	1 	 2 3 4 5 
Ethnicity -.044 -.023 -.013 -.028 .392** 
Gender 	-1.386** 	-1.360** -1.255** -1.358** -1.328** 
Age .026** .027** .025** .027** .039** 




% Correct 	79.0 	79.1 79.1 79.1 80.8 
Cox & Snell R2 	.099 .099 .108 .098 .274 
Nagelkerke R2 .064 	.063 .069 .063 .176 
**p < .001, *p < .01 
Ethnicity reference group is White/Caucasian 
Gender reference group is Male 
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.957 (.856-1.070) 	.977  (.871-1.096) .987  (.881-1.106) 	.972 (.867-1.090) 
Table 15 
Logistic regression odds ratio predicting metabolic syndrome 












.983  (.954-1.013)  











Ethnicity reference group is White/Caucasian 
Gender reference group is Male 
Though the odds ratio predicted only a small difference in diagnosis of metabolic 
syndrome for each increase in the predictor by a single unit, a large increase in total MET 
hours (several hundred in a week) would predict a reduced likelihood of metabolic 
syndrome diagnosis. Black participants were predicted to be more likely to have 
metabolic syndrome than white participants with a small odds ratio while males were 
predicted to be more likely to have metabolic syndrome than females. Vigorous activity 
was negatively associated with metabolic syndrome while moderate MET hours was not 
significant. Inactivity showed a positive trend but was also not significant. 
A series of regressions were run to examine the relationship between reported 
physical activity and each of the metabolic factors used by the ATP III for metabolic 
syndrome diagnosis. For each of these metabolic factors, five separate regression 
analyses were conducted (see Table 16 for demographic statistics for these variables). 
The major aim of the models was to test the ability of the reported physical activity 
variables (measured in MET hours by intensity) to predict the metabolic factors though 
age, gender, ethnicity, and BMI were also used. Each of the analyses was conducted with 
a different combination of the MET hour and demographic predictors, generally by the 
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addition of a new predictor to the set of demographic variables with each additional 
analysis. Unstandardized regression coefficients were used in each of the tables below. 
Table 16 
Descriptive statistics for metabolic variables 
Variables Mean Std. Deviation Skewness Kurtosis 
HDL 49.080 14.851 .564 .521 
Glucose 93.45 21.801 2.770 16.058 
Systolic 125.930 22.934 -.495 5.534 
Diastolic 76.772 12.234 -1.338 9.022 
Triglycerides 119.750 66.879 1.761 4.395 
Waist Circumference 36.646 6.393 .457 1.622 
The first metabolic factor examined was HDL (see Table 17). In the first analysis, 
gender played a strong role, its unstandardized regression coefficient is quite large and 
based on the model is predicted to alter the dependent variable. In the second analysis 
moderate MET hours were examined and were shown to have a negative relationship 
with the variance explained being much smaller than that of the demographic variables. 
Though significant at the .05 level, it was not significant at the .01 level. The third 
analysis added vigorous MET hours to the model. Vigorous MET hours showed a 
positive relationship. Inactive MET hours had a positive relationship with HDL, its 
coefficient being stronger than vigorous activity. In the final model BMI was included to 
account for an additional 4% of the variance. Age was not a significant contributor to 
models 1 and 5, playing only a very small role in the remaining models. 
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Table 17 
Physical activity models predicting HDL 
Variables 	1 	 2 3 4 5 
Ethnicity 4.810** 4.881** 5.014** 4.808** 5.907** 
Gender 	11.142** 	10.956** 11.417** 10.964** 11.757** 
Age .027 .030 .035* .038* .013 
Moderate 	 -.127 
Vigorous .341** 
Inactive .387*  
BMI -.473** 
R2 	 .156 	.156 .157 .157 .199 
**p < .001, *p < .01 
Ethnicity reference group is White/Caucasian 
Gender reference group is Male 
The next metabolic factor to be examined was glucose (see Table 18). The 
regression model structure utilized for this variable was identical to that of HDL. The 
demographic variables were analyzed first, ethnicity and age having a positive 
relationship with glucose and gender having a negative relationship. Combined they 
contributed 4.4% to the variance in the dependent variable. Black participants showed a 
positive relationship whereas females had a negative relationship which explained 1.8% 
more of the variance than did ethnicity alone. The unstandardized coefficient for age 
predicted a one unit increase in glucose for almost every three years of age. Both 
moderate and vigorous activity were shown separately to have a negative relationship 
with glucose though the moderate activity had a smaller coefficient and R square than 
vigorous activity. Inactive MET hours had a positive relationship with glucose. The 
inclusion of BMI raised the variance explained to 12.8%, BMI being a strong predictor. 
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Table 18 
Physical activity models predicting glucose 
Variables 	1 	 2 3 4 5 
Ethnicity 3.277** 3.146** 3.098** 2.977** 1.055 
Gender 	-4.416** 	-4.756** -5.540** -4.690** -5.009** 
Age .294** .298** .281** .315** .299** 




R2 	 .044 	.046 .052 .048 .128 
**p < .001, *p < .01 
Ethnicity reference group is White/Caucasian 
Gender reference group is Male 
Systolic blood pressure (SBP) had a stronger relationship with the demographic 
variables than the previous two factors (see Table 19). Blacks were predicted to have 
greater SBP than whites; males were predicted to have greater SBP than females. Age 
contributed the greatest amount of variance explained to the dependent variable, bringing 
the .018 R square of the model without age to .208. Moderate and vigorous MET hours 
had negative relationships with SBP both when examined independently as well as when 
grouped together in a single model; inactivity demonstrated a nonsignificant trend 
positive trend. When placed in a single model, these three variables had an R square 
double that of total kilocalories. In the final model the variance explained increased to 
24.5% with age being one of the strongest predictors, more so than BMI. 
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Table 19 
Physical activity models predicting systolic blood pressure 
Variables 	1 
5 
2 3 4 
Ethnicity 	7.679** 	7.509** 7.550** 7.472** 6.043** 
Gender 1.170** 1.012* .817 1.049 .080 
Age 	 .710* 	.707** .702** .713** .736** 




R2 	 .208 	.207 .207 .206 .245 
**p < .001, *p < .01 
Ethnicity reference group is White/Caucasian 
Gender reference group is Male 
Next models were created in the investigation of diastolic blood pressure (DBP). 
Black ethnicity had a positive relationship to DBP (compared to whites) and females 
tended to have a lower DBP than males. Age was not a significant contributor until the 
final model with BMI added. The more vigorous MET hours reported by participants, the 
lower the participants' DBP, and conversely, higher levels of inactivity predicted higher 
DBP. Moderate MET hours were again not significant at a level of p < .01. The final 
DBP model explained less variance than previous models. 
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Table 20 
Physical activity models predicting diastolic blood pressure 
Variables 	1 	 2 3 4 5 
Ethnicity 4.534** 4.470** 4.465** 4.414** 3.276** 
Gender 	-.699* 	-.791* -1.003** -.814* -1.284** 
Age .018 .017 .013 .022 .030** 




R2 	 .046 	.046 .048 .047 .138 
**p < .001, *p < .01 
Ethnicity reference group is White/Caucasian 
Gender reference group is Male 
There was a particularly large difference between white and black participants on 
triglycerides with blacks having lower levels. The addition of ethnicity increased the 
variance explained by about 8%. Females had lower triglycerides as compared to males. 
Age had a fairly large positive coefficient. The moderate and vigorous levels of intensity 
had a negative relationship to triglycerides with inactivity again showing a positive 
association. BMI had a positive relationship to triglycerides, bringing the total variance 
explained to 14.5%. Its inclusion also increased the unstandardized coefficient of 
ethnicity to -41.023. Due to the nature of triglycerides the coefficients for this metabolic 
factor were particularly large as compared to those of the other variables. 
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Table 21 
Physical activity models predicting triglycerides 
Variables 	1 	 2 3 4 5 
Ethnicity -34.551** 	-35.804** -35.301** -35.249** -41.023** 
Gender 	-2.548 -4.723* -7.181** -3.499* -5.842** 
Age .440** 	.440** .373** .475** .511** 




R2 	 .089 	.094 .103 .091 .145 
**p < .001, *p < .01 
Ethnicity reference group is White/Caucasian 
Gender reference group is Male 
The regression models with waist circumference as the dependent variable yielded 
interesting results. This time the coefficient of ethnicity was much smaller though still 
significant. The gender variable indicated that males in general have larger waists. Age 
was not a significant contributor to model 3, though significant at the p < .001 level with 
the inclusion of BMI. Moderate and vigorous activity had negative relationships whereas 
inactive MET hours was positive though also nonsignificant. When combined in a single 
model, all three became negative and significant. Much like kilocalories (due to their 
shared connection with waist), BMI explained a significant amount of variance in model 
5; for a total of 75.8%. 
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Table 22 
Physical activity models predicting waist circumference 
Variables 1 2 3 4 5 
Ethnicity 1.063** .881** .886** .895** -.916** 
Gender -2.555** -2.706** -2.974** -2.578** -3.581** 





R2 .043 .045 .054 .043 .758 
**p < .001, *p < .01Ethnicity reference group is White/Caucasian 
Gender reference group is Male 
Age was significant in model 5 when ethnicity was excluded 
In addition to the regression analyses a second method of analysis was performed 
which provided more encouragement regarding survey validity. Often in epidemiological 
literature the researchers are satisfied with simply ranking participants, often grouping 
them into quintiles or quartiles. When the participants of the calibration study were 
grouped into total MET hour based quartiles, a clear pattern in metabolic syndrome 
diagnosis emerged. The first quartile which ranged from 208.63 to 232.71 MET hours 
had a metabolic syndrome frequency of 25.2%. The second quartile (232.72-240.01 MET 
hours) had a frequency of 23.2%. The next quartile's (240.02-252.99 MET hours) rate 
dropped to 16.4%. The final and fourth quartile (253.00-364.00) had the lowest frequency 
of metabolic syndrome with only 14.3%. In summary, participants who were in the first 
quartile (M = 227.6) participated in 47 less MET hours a week than those in the final 




In the final hypothesis, it was predicted that individuals who were ages 60 and 
over would provide less accurate reports of their physical activity as evidenced by weaker 
correlations between the short form and 7-day recall as compared to those who were 59 
years of age and younger. Spearman correlations were run between the variables with 
participants divided according to age. 
Table 23 shows the correlations between the MET hours and kilocalorie variables 
for moderate activity. These kilocalorie variables were calculated using the 
aforementioned Mifflin method which accounts for age in its equation. The correlations 
of central interest are the correlation between the 7-day MET and SF-MET and the 
correlation between the 7-day Kilo and the SF-Kilo. For moderate activity, the 
correlations for these two relationships were larger for those 60 and over than they were 
for those under 60. 
Table 23 
Moderate PA spearman correlations for old and young participants 
Variable 	• 	7-Day MET SF MET 7-Day Kilo SF Kilo 
60+ Years 
7-Day MET .268** .973** .274** 
SF MET .262** .976** 
7-Day Kilo .281** 
SF Kilo 
Under 60 
7-Day MET .238** .997** .244** 
SF MET .240** .975** 
7-Day Kilo .264** 
SF Kilo 
** 
p <.05, two tailed, 	p < .01, two tailed. 
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A similar pattern was followed for vigorous activity (Table 24). The 60+ 
participants again showed higher correlations between the MET variables, r = .288, p < 
.001 and between the kilocalorie variables, r = .293, p < .001, compared to the under 60 
participants' MET hour, r = .248, p < .001, and kilocalorie, r = .259, p < .001, 
correlations. 
Table 24 
Vigorous PA spearman correlations for old and young participants 
Variable 	 7-Day MET 	SF MET 	7-Day Kilo 	SF Kilo 
60+ 
7-Day MET 	 .288** 	.997** 	.286** 
SF MET .277** .994** 
7-Day Kilo 	 .293** 
SF Kilo 
Under 60 
7-Day MET 	 .248** 	.996** 	.230** 
SF MET .248** .992** 
7-Day Kilo 	 .259** 
SF Kilo 
** 
p <.05, two tailed, p < .01, two tailed. 
Physical inactivity mirrors the correlations of the previous two intensity levels. 
Though again the magnitude of the correlations were very similar, they appeared to favor 
the older population, in the opposite direction of the hypothesis. Here, both the 60+ 
participant's MET hour correlation, r = .500, p < .001, and their kilocalorie correlation, r 
= .719, p < .001, were greater than the under 60 group's correlations, r = .492, p < .001, r 
= .682, p < .001. 
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Table 25 
Inactive PA spearman correlations for old and young participants 
Variable 	 7-Day MET 	SF MET 	7-Day Kilo 	SF Kilo 
60+ 
7-Day MET 	 .500** 	.362** 	.251** 
SF MET .183** .580** 
7-Day Kilo 	 .719** 
SF Kilo 
Under 60 
7-Day MET 	 .492** 	.430** 	.336** 
SF MET .244** .682** 
7-Day Kilo 	 .682** 
SF Kilo 
p <.05, two tailed, **p < .01, two tailed. 
Similarly, total physical activity showed higher correlations in the 60+ than in the 
under 60 group as seen below (see Table 26). 
Table 26 
Total PA spearman correlations for old and young participants 
Variable 	 7-Day MET 	SF MET 	7-Day Kilo 	SF Kilo 
60+ 
7-Day MET 	 .402** 	.373** 	.184** 
SF MET .154** .600** 
7-Day Kilo 	 .693** 
SF Kilo 
Under 60 
7-Day MET 	 .338** 	.435** 	.253** 
SF MET .125** .633** 
7-Day Kilo 	 .653** 
SF Kilo 
p <.05, two tailed, **p < .01, two tailed. 
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However, a third factor which is often associated with age seemed to be 
influencing the correlations; retirement. When only participants who had retired were 
examined, the correlations of the 60+ participants (MET hours r = .451, p < .001, 
kilocalories r = .766, p < .001) improved. By contrast, 60+ participants who were not 
retired had much lower correlations for MET hours, r = .198, p < .001 and kilocalories, r 
= .761, p < .001. This is particularly interesting because the average age of the 60+ 
participants who were retired was 72.34 while the age of those who were not retired was 
67.08. Despite being approximately five years older, the participants who were retired 
showed higher correlations between the short form and 7-day recall. 
A second explanation for this strange finding also seems to be quite plausible. 
When examining participant demographics it was discovered that for participants over 60 
years of age, 59.9% were white whereas for those under 60, only 44.7% were white. This 
trend continued for individuals at 70 years of age as well with 59% of those over 70 
being white and only 42% of participants who were under 70 identifying themselves as 
white. This 15-17% difference may have contributed in part to the difference in 
correlations. For white participants, the short form total MET hour variable and 7-day 
recall total MET hour variable correlated higher r = .430, p < .001, than did these same 
variables for black participants, r = .328, p < .001. 
This alternative hypothesis on the influence of ethnicity and retirement 
was tested using partial correlations. The correlations were run similar to those of the 
bivariate Spearman correlations with ethnicity and retirement controlled for. The results 
were mixed (see Table 27) with correlations within the 7-day recall and short form 
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variables being higher in the below 60 age group and correlations between the 7-day 
recall and short form variables remaining higher for those 60 years of age and older. 
Table 27 
Total PA partial correlations for old and young participants 
Variable 	 7-Day MET 	SF MET 	7-Day Kilo 	SF Kilo 
60+ 
7-Day MET 	 .422** 	.345** 	.336** 
SF MET .109** .711** 
7-Day Kilo 	 .737** 
SF Kilo 
Under 60 
7-Day MET 	 .321** 	.377** 	.278** 
SF MET .118** .811** 
.623** 
	 7-Day Kilo 
SF Kilo 
** 
p <.01, two tailed. 
Test-Retest Reliability 
Though not a hypothesis, part of the purpose of the present study was to assess the 
reliability of the short form. A common method of testing reliability is through a test-
retest design. The participants of the calibration study answered the physical activity 
questions once when they participated in the AHS-2 and again through the short form. 
Spearman correlations were run between the physical activity responses given by the 
participants on the AHS-2 and their counterparts on the short form. Table 28 below 
shows correlations between the AHS-2 and SF items for the first two questions. The 
numbers in the question row and columns denote the item number on the questionnaire. 
Question 1 on the SF and AHS-2 asks "Do you usually have a regular exercise program?" 
The correlation between question 1 on the SF and question 1 on the AHS-2 was r = .537, 
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p < .001. Question 2 asked "During your regular exercise, how hard does it feel most of 
the time?" The correlation for this item was r = .318, p < .001. Both demonstrate low test 
retest reliability. 
Table 28 
Correlations between AHS-2 and SF, questions 1 and 2 
Questions 	SF #1 	SF #2 	AHS-2 #1 	AHS-2 #2 
SF#1 	 I .537** .079 
SF#2 -.019 	.381** 
AHS-2 #1 	 -.114** 
AHS-2 #2 
** 
p <.05, two tailed, p < .01, two tailed 
1Could not be computed because SF#1 was a constant when SF#2 was answered. This 
occurred because SF#1 instructed participants to skip SF#2 if their response was no, or to 
answer SF#2 if their answer was yes (see Appendix A). 
Question #3 requested information regarding the vigorous recreational activity 
engaged in by participants. 3a asked for the frequency, 3b asked for the duration of each 
activity session. The correlation for both 3a, r = .542, p < .001, and 3b, r = .544, p < .001, 
were very similar and moderate in magnitude. 
Table 29 
Correlations between AHS-2 and SF, question 3 
Questions 	SF #3a 	SF #3b 	AHS-2 3a AHS-2 #3b 
SF #3a .511** .542** 	.384** 
SF #3b 	 .329** .544** 
AHS-2 #3a .548** 
AHS-2 #3b 
p <.05, two tailed, 
**
p < .01, two tailed 
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1Could not be computed because AHS-2 #4a was constant for these items for reasons 
identical to those in Table 28 
** 
p <.05, two tailed, p < .01, two tailed 
The walk run jog index was based on question 4 consisting of four items: (a) 
whether a walk, run, or jog physical activity program existed, (b) frequency, (c) distance, 
and (d) average time spent in each session which resulted in moderate correlations: 4a (r 
= .445, p < .001), 4b (r = .572, p < .001), 4c (r = .590, p < .001), and 4d (r = .513, p < 
.001). 
Table 30 
Correlations between AHS-2 and SF, question 4 
Questions 1 2 3 4 5 6 7 8 
1. SF #4a .214** .175** .176** .445** .281** .179** .077** 
2. SF #4b .258** .206** .177** .572** .171** .142** 
3. SF #4c .705** .159** .166** .590** .438** 
4. SF #4d .085** .149** .460** .513** 
5. AHS-2 #4a ___1 i ___1 
6. AHS-2 #4b .242** .200** 
7. AHS-2 #4c .673** 
8. AHS-2 #4d 
Question 5 also had several categories regarding amount of activity spent in a 
specific level of intensity across the week. The first concerned moderate activity 
(question 5d). Information for these items was requested separately for weekdays, 
Sunday, and Saturday. The week days correlated together at r = .423, p < .001, Saturdays 
correlated at r = .392, p < .001, and Sundays correlated at r = .420, p < .001. 
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Table 31 
Correlations between AHS-2 and SF, question 5d - moderate activity 
Questions 1 2 3 4 5 6 
1. SF WkDay .211** .657** .423** .067** .348** 
2. SF Sat .244** .068** .392** .099** 
3. SF Sun .263** .124** .420** 
4. AHS-2 WkDay .217** .656** 
5. AHS-2 Sat .256** 
6. AHS-2 Sun 
** 
p <.05, two tailed, p < .01, two tailed 
Section 5e similarly addressed vigorous physical activity. There were moderate 
correlations between the week days (r = .436, p < .001), Saturday (r = .347, p < .001), 
and Sunday (r = .470, p < .001). 
Table 32 
Correlations between AHS-2 and SF, question 5e - vigorous activity 
Questions 1 2 3 4 5 6 
1. SF WkDay .302** .706** .436** .152** .401** 
2. SF Sat .288** .133** .347** .131** 
3. SF Sun .380** .143** .470** 
4. AHS-2 WkDay .321** .744** 
5. AHS-2 Sat .357** 
6. AHS-2 Sun 
** 
p <.05, two tailed, p < .01, two tailed 
Extremely vigorous was the final intensity investigated and resulted in moderate 
weekday correlations (r = .419, p < .001), and low Saturday correlations (r = .192, p < 
.001), and moderate Sunday correlations (r = .418, p < .001). Interestingly, Saturday had 
the lowest correlations for all three levels of activity. Nearly all items on the AHS-2 and 
short form correlated within the range of .40 and .60 (with only Saturday correlations 
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being exceptions). These moderate correlations provide evidence of reliability for the 
questionnaire items, particularly when examined in light of the period lasting several 
years which intervened between the administrations of these two tests. 
Table 33 
Correlations between AHS-2 and SF, question 5f— extremely vigorous activity 
Questions 1 2 3 4 5 6 
1. SF WkDay .327** .794** .419** .219** .381** 
2. SF Sat .344** .143** .192** .107** 
3. SF Sun .389** .232** .418** 
4. AHS-2 WkDay .360** .815** 
5. AHS-2 Sat .385** 
6. AHS-2 Sun 
** 
p <.05, two tailed, p < .01, two tailed 
Factor Analysis 
The final statistical test utilized in the assessment of the AHS-2 physical activity 
items was factor analysis. The purpose of the factor analysis was to examine patterns 
between the questionnaire items, gain a better understanding of the constructs being 
measured, assess reliability through Cronbach's Alpha, and provide some additional 
validity should the patterns follow what is theoretically expected. 
Before beginning the analysis, reliability statistics or internal consistency of the 
short form PA items were checked by using Cronbach's Alpha. Kline (1999) suggests 
that an alpha of .6 is a generally acceptable cutoff for exploratory research, .7 is adequate 
for most ability scales, and a .8 minimum should be used for cognitive or intelligence 
tests. The 23 physical activity items of the short form received an alpha of .768 which is 
safely above the .7 alpha level. The three weakest items on the scale were Walk Run Jog 
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Frequency, whether the participant exercised regularly, and whether the participant had a 
regular walk, run, jog program. When these three items were removed the alpha 
improved to .781. The AHS-2 PA items were also independently examined and when the 
aforementioned weak items were removed the alpha was .806. To test the importance of 
inclusion of each item in the scale, an anti-image correlation matrix was created. The 
anti-image correlation matrix which contains the negatives of the correlation coefficients 
tests how well the items of the scale correlate with other items. All items surpassed the .5 
cutoff with most ranging between .6 and .8, confirming the sampling adequacy. In 
addition, the Kaiser-Meyer-Olkin measure of sampling adequacy was above the 
recommended magnitude of .6 at .681 and the Bartlett's Test of Sphericity was 
significant (X2 (253) = 40104.153, p < .001), suggesting that the model was not an 
identity matrix and therefore appropriate. 
The factor analysis was conducted using the method of principal components with 
a varimax rotation due to its preferred orthogonal approach. After a thorough 
examination of the analysis it was determined that the questionnaire items were best 
represented by three factors. This decision was developed for several reasons. First, the 
scree plot (Figure 3) showed three major factors before changing the direction of its 
initial descent. After the first three factors the plot plateaus for four more factors before 
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Figure 3. Scree plot examining SF physical activity factors 
Next the eigenvalues were examined. When Kaiser's rule of eigenvalues over 1.0 
was used, the number of factors selected was seven. When a more stringent rule of 
eigenvalues above 2.0 was used the number of factors selected was three. Eigenvalues 
and scree plots, while simple and convenient methods, are often flawed and in this case a 
bit unclear. To ultimately settle the debate of too many or too few factors, Velicer's MAP 
test was used. Velicer's MAP (Minimal Average Partial) analysis was selected due to the 
advantageousness of using a statistical method over a mechanical (eigenvalues) or 
subjective (scree plot) one. The MAP test chooses the number of factors by comparing 
the amount of systematic and unsystematic variance in the correlation matrix across a 
series of steps. At each step of the procedure an additional component is added until all 
components are included in the final step. The squared partial correlations are taken from 
each of these steps and averaged. The step with the lowest average squared partial 
correlation is selected as the best number of factors. Factors in this method of analysis are 
kept as long as they possess proportionately more systematic than unsystematic variance. 
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Velicer's MAP analysis was indicated that the optimal number of factors was indeed 
three. A model with three factors had the lowest average squared correlation of 
.02871647. Seven (the other potential candidate) had an average squared correlation of 
.03195402 and by this method was in fact the third best choice (after a model with four 
factors). Three factors were therefore included in the analysis. 
The three factors accounted for 40.987% of the total variance (17.785, 13.346, 
and .9855 respectively). The first was named General Activity as it seemed to be 
measuring the amount of nonspecific weekly moderate, vigorous, and very vigorous 
activity reported by participants throughout the week. The second factor was named Rest 
as the items which loaded saliently on this factor were related to lying down or napping. 
The third factor was named Exercise/Recreational Activity. The items on this factor 
seemed to be largely measuring recreational activity or exercise. 
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Table 34 
Rotated component matrix for SF physical activity items 
General Activity Rest Exericse/Rec Activity 
1.  .312 
2.  .506 
3a.  .623 
3b.  .733 
4a.  .234 
4b.  .455 
4c.  .792 
4d.  .771 
5a. Wkday .577 
Sat .623 
Sun .690 
5b. Wkday .757 
Sat .704 
Sun .805 
5d. Wkday .606 
Sat .354 
Sun .692 
5e. Wkday .763 .201 
Sat .420 
Sun .731 
5f. Wkday .668 .203 
Sat .320 .244 
Sun .702 
Loadings < .20 were suppressed. 
Discussion 
A vast amount of information can be analyzed and extracted from a single 
epidemiological study. Before the data can confidently be used for its intended purpose 
however, it first needs to be validated. The current literature contains a host of physical 
activity validation studies, similar to the one examined here. Though many different 
methods have been used for a variety of reasons, this study used both convergent and 
discriminant validity through inter-item and inter-index correlations, both within the 
questionnaire as well as between the questionnaire and a 7-day recall. Such correlations 
are common and are the basic foundation of much of the literature as shown in the 
literature review. This study however also took a more statistical and perhaps creative 
approach and also examined validity by assessing the scale's ability to predict physical 
activity related metabolic factors. Finally, the study examined test-retest reliability 
(between a baseline AHS-2 and short form) and evaluated the scale using factor analysis. 
The first hypothesis that levels of intensity of activity between the SF and 7-day 
recall would be significantly related was supported with small to strong correlations for 
both MET hours and kilocalorie variables. The correlations here are easily comparable to 
many of the correlations found in the literature for similar studies such as those 
previously described in the literature review. Though some validation studies have a 
larger number of moderate correlations, these studies are often validating physical 
activity questionnaires which request that the participant recall the activity of the 
previous week or month. The short form however was interested in the average amount 
of activity engaged in over the entire previous year. As a result, it is not surprising that 
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some of the correlations are lower, though all were significant and had reasonable 
magnitude. The finding that females tended to overestimate activity to a greater degree 
than males may have weakened the correlations. Other research has found similar 
findings with female's producing greater inflations of reported activity than males (Sallis, 
Buono, Roby, Micale, & Nelson, 1993; Wareham, Jakes, Rennie, Mitchell, Hennings, & 
Day, 2002). Had the study's sample been 50% male and 50% female instead of 2/3 
female, the correlations may have been stronger. 
A second finding of the first hypothesis was that the kilocalorie variables' 
correlations were consistently higher than that of the MET hour variables. The kilocalorie 
variables were computed as MET hours multiplied by weight in kilograms so in a sense 
the kilocalorie variables, while also an estimate of energy expenditure in kilocalories, can 
be viewed as a MET hour variable which takes participant weight into account. The data 
therefore suggests that when weight is considered in the equation, the correlation between 
MET hours reported on the SF and AHS-2 are considerably stronger, above .75 for total 
and inactive kilocalories. 
The second hypothesis was supported with fairly small correlations with the 
exception of the relationship between the walk, run, jog index and recreational activity 
(which was found to be of moderate magnitude). Epidemiologists often group physical 
activity into four major categories of context: recreation, transportation, work, and 
household activities. Walk, run, and jog and recreational activity both fall within the 
recreational category and thus their stronger correlation is reasonable. The assumption 
that individuals who regularly walked, ran, jogged, or engaged in vigorous activity would 
also report more general vigorous activity did not have strong support. This certainly 
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does not reflect negatively on the questionnaire's validity but rather suggests that the 
majority of activity engaged in by participants was from transportation, work, and 
household activities (most likely from household activities in many cases). As a result, 
the vigorous activity indices which were measuring activity in a variety of domains did 
not correlate highly with the WRJ Index or the Vigorous Recreational Activity Index. 
This conclusion is also supported by the factors provided by the factor analysis. 
The third hypothesis was only partially supported. Only three of the expected four 
variables possessed a significant negative correlation with BMI. The three which were 
significant were weak correlations. A possible explanation for the very weak relationship 
with BMI was the very low frequency of vigorous activity engaged in by the participants. 
The majority of the sample did not report any activity of a vigorous nature at all and thus 
the vigorous activity was the most skewed and nonparametric of the variables. The theory 
underlying this hypothesis was that individuals who engage in more physical activity 
would have a lower BMI as a result of that activity. The inability to establish a strong 
correlation here may be partly reflective of the general lack of vigorous activity in the 
study sample. Conversely, it was also predicted that those who did very little activity 
would have higher BMIs. The inactivity index was quite robust and all participants who 
reported any activity at all were included with data for this variable. Inactivity was found 
to have a surprisingly strong correlation with BMI and though inactivity was not a 
variable specified in the original hypothesis, this finding does lend credence to the 
theoretical expectation of this hypothesis and supports the validity of the measure. 
The fourth hypothesis was supported. The logistic regression model predicted 
metabolic syndrome better than the constant alone. The degree to which the MET hour 
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variables assisted in that prediction however was quite small. Though significant, the 
odds ratios of these PA based variables were not large in any prediction except for 
triglycerides. This should perhaps be expected considering the huge number of variables 
which might potentially influence the metabolic factors. Moreover, random error present 
in the risk factors might serve to produce results indicating smaller percentages of 
variance explained. The data provided by the metabolic syndrome quartiles was 
particularly promising and despite the lack-luster results of the regression analyses, 
suggests a real connection between metabolic syndrome and total MET hours. The 
categorization of individuals into groups with differing frequencies of diagnosis could 
prove quite useful. 
In conclusion, the models were able to predict metabolic syndrome better than the 
constant, accounted for a small amount of the variance in the risk factors, and the 
variables predicted at significant levels, the MET hours. That being said, it should also be 
pointed out that human beings are incredibly complex and the ability to predict some of 
these metabolic factors as effectively as these models have without the inclusion of any 
diet, alcohol, medical, genetics/family history, and smoking items is remarkable. Because 
the MET hours and kilocalories did have significant results and there were large 
differences between quartiles of reported activity, this hypothesis is supported. The 
findings of this hypothesis however only provide very preliminary validating evidence 
for the AHS-2 physical activity items. It may be that a weighted formula needs to be 
created to calculate physical activity from the questionnaire that accounts for error based 
on age, gender, retirement status, and ethnicity. This algorithm could be created from the 
data presented here. 
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The final hypothesis that individuals over 60 would have lower correlations 
between SF and 7-Day recall was not intended to validate the questionnaire but rather to 
account for some of the expected discrepancies between short form and 7-day recall. This 
hypothesis was not supported though there were age differences of note relating to 
retirement status.. This was quite unexpected and contrary to the current literature. Those 
who were retired had more accurate estimates of their physical activity as evidenced by 
stronger correlations. Research has found that younger individuals who are not yet retired 
tend to report physical activity less accurately on days they work. Because on page two of 
section C of the short form, weekday activities are summarized for all days in a single 
answer, an individual who works might overestimate the amount of activity at work. 
When developing the variables, weekday estimates were multiplied by five to account for 
the five weekdays. An overestimation of activity at work would therefore be magnified 
by five with the assumption that the participant works five days a week. It is possible that 
individuals who were retired were less inclined to include inflated PA estimates during 
weekdays and thus produced stronger correlations. 
The test-retest analysis showed moderate reliability (with the exception of 
Saturday). The SF was administered several years after the AHS-2 and thus the 
magnitude of the correlations is encouraging. Furthermore, this suggests that the physical 
activity the participants engaged in remained fairly consistent from year to year which 
was confirmed by frequency tests and ANOVAs during data screening. Because there 
was two to three years separating the administrations of the questionnaire and it was 
given to an aging population, some of the changes are most likely due to real changes in 
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the physically active behaviors of the participants. The Cronbach's Alpha also supported 
the reliability of the scale, providing further evidence for the utility of the measure. 
A final finding which is certainly worth mentioning is the factor analysis results. 
When in the first stages of exploration, before the final decision to limit the analysis to 
three factors, a fourth was examined. The items which fell on the fourth factor were each 
of the Saturday variables (moderate, vigorous, and extremely vigorous) and the three 
laying down variables (laying weekday, laying Saturday, and laying Sunday). Combined 
with the lower correlations for Saturday variables in the test-retest analysis, the data 
suggests that there is something different about Saturday for Seventh -day Adventist 
participants. Moreover, as Adventists often consider Saturday to be a day of rest, it is 
interesting that the other three items to fall on the fourth factor were concerned with the 
amount of time the participant spent laying down. 
In conclusion, the calibration study has acceptably validated the physical activity 
section of the AHS-2. Epidemiological studies are generally satisfied with ranking 
participants on degrees of physical activity participation. This is often accomplished 
through the comparison of a single objective or reliable method with the questionnaire. 
The present study accomplished this goal through the first hypothesis which predicted 
that the physical activity on the short form would correlate positively with the physical 
activity reported in the 7-day recalls. However, in an attempt to be thorough, validation 
was also considered with other information that provided convergent (the second 
hypothesis in which various forms of vigorous and recreational activity were predicted to 
correlate together positively) and discriminant validity (the third hypothesis in which 
physical activity was expected to negatively correlate with BMI). Though these 
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hypotheses were only weakly supported, they added support to the information gained in 
the first hypothesis tested. The purpose of the inclusion of BMI in the third hypothesis 
was also implemented in order to provide validity through an additional method of 
measurement, thus avoiding the possibility of a monomethod bias. The metabolic 
syndrome factors in the fourth hypothesis were utilized for the same reason, serving to 
further bolster confidence in the validity. 
Test-retest reliability is sometimes ignored in validation studies but here was 
carefully examined, showing surprisingly impressive results. A final analysis rarely used 
in the examination of epidemiological physical activity scales was factor analysis. The 
scales constructed by the factor analysis fit the theoretical expectations of the study, again 
reinforcing the strength of the questionnaire's validity. The previously discussed methods 
have effectively demonstrated both validity and reliability at an appropriate level for the 
intentions of the study. 
Limitations 
Most of the limitations to the study are those typical of physical activity 
validation studies. The purpose of the study was to assess how well a questionnaire 
measured physical activity by comparing it to another measure. Like all validation studies 
however, the method of comparison naturally contains error as well. For the purposes of 
the study, this error is considered to be negligible and unavoidable. Comparison by two 
subjective means may produce something akin to a mono-method bias. This was what 
made the comparison to anthropometric and biological data so attractive and resulted in 
the inclusion of this type of data in two of the hypotheses. Another issue shared by any 
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subjective method of assessment is the ever present social desirability effect. Just as 
social desirability may have been present in the participants' responses on the SF, so too 
might they have been in the 7-day recall. 
A limit to the use of Ainsworth's Compendium of Physical Activities is that this 
reference guide was developed based on research largely using young adults. There exists 
a degree of variance between all individuals in their physiological and metabolic 
construction. The differences between young and older adults however are much larger. 
As a result, MET hour and kilocalorie variables based on tables normed for a different 
age group may be biasing and distort the data. A sample with a mean age of 60 cannot be 
expected to function similarly to individuals in their 20's. Unfortunately, there are no 
tables normed for older age groups at this time and thus Ainsworth's Compendium is the 
best available. 
A unique limitation to this study would be the large amount of missing data for 
the 2nd 7-day recall. Although multiple imputation was effectively used to correct for this 
problem, having original rather than imputed data would certainly have been preferable. 
Though statistically the imputed data reflects the original data quite well, having the 
exact responses which the participants would have given had they participated for a 2nd 7-
day recall would naturally be more accurate and meaningful. 
Future Directions 
The data employed above in the correlational methods can be applied to a second 
equally, perhaps even more important use. The calibration study data indeed has two 
potential functions. The first is to validate the information collected in the AHS-2 
91 
questionnaire. The second purpose is reflected in the name of the study, calibration. 
Regression techniques can be utilized to apply the observed relationship between two 
variables of known data to making estimates of improved values of the independent 
variable. Further, these improved values can be estimated for the whole cohort, and used 
in place of the original "crude" variable in any subsequent regression. 
This method is frequently used when measurement of an item by the best or 
preferred method is extremely difficult or expensive. When operating with limited 
resources, both a preferred and a convenient method can be used to measure a small 
number of subjects. A larger group of subjects can then be measured using the convenient 
method followed by a calibration correction via the relationship between the two forms of 
measurement. An epidemiological study examining diet used a nearly identical format to 
the one proposed here and can be referenced as an illustration of the concept (Johansson, 
Hallmans, Wikman, Biessy, Riboli, & Kaaks, 2002). In its simplest form, the problem of 
calibration can be considered as represented in the equation, y = a +I3x + e where y is the 
true value (telephone interview), x is the measured value (AHS-2 short form 
questionnaire), a and 1  are the parameters of the linear relationship (e.g. intercept and 
slope), and e represents the error (Krutchkoff, 1967, Shukla, 1972). 
The AHS-2 has over 96,000 participants, a representative 1,011 of which 
participated in the Calibration Study. Through the use of regression calibration 
techniques on observed data, the relationship between the short form responses of the 
calibration participants with their telephone interview responses can be used to predict 
truer, more accurate physical activity values for the rest of the 96,000 AHS-2 participants 
than those provided by the questionnaire. To satisfy the assumptions of standard 
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regression theory, the "crude" independent variable is assumed to have been measured 
without error. Even random error can serve to produce a bias in the results and thus 
precise accuracy is important. Unfortunately, the independent variable employed in the 
process of this study is the questionnaire data which in fact do contain random error and 
undoubtedly some systematic error. However, it is not assumed that the new improved 
calibration variable has no error, rather just that the error is random only. It is the 
assumption of the AHS-2 researchers that indeed, the telephone interview data are 
unbiased estimates of the truth. 
The ultimate product of this statistical process is the formulation of a new 
physical activity variable (or set of such variables) which, given that assumptions are 
met, will hold a particularly valuable capacity. Such a variable could provide an 
approximately unbiased estimation of the regression beta coefficient when any number of 
the disease variables also included in the AHS-2 are the dependent variables of interest. 
The ideal new independent variable, built from information solely included in the AHS-2 
items and calibrated using regression on the telephone interview data, could be treated as 
a more "true" value of the physical activity engaged in by participants. The use of various 
demographic predictors (age, sex, race, location, etc) to the equation could further 
enhance the accuracy of the new variable. Its relationship to disease variables in the 
AHS-2 would be more accurate and reliable than the relationship of those disease 
variables with the raw physical activity items in section C. Once the data has been 
calibrated, new hypotheses relating the physical activity variables to other variables in the 
dataset can be tested with a higher level of precision and accuracy. From this point on, a 
host of future directions emerge, hopefully proving fruitful. 
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Appendix A 
AHS-2/Short Form, Section C Items' 
INSTRUCTIONS: Please answer the questions below concerning you usual physical 
activity during the LAST TWELVE MONTHS. 
1. Do you usually have a regular exercise program? 
	No (Skip to Questions 3a) 
Yes 






Very very hard 
3a. How many times per week do you usually engage in regular vigorous activities 
such as brisk walking, jogging, bicycling, etc., long enough or with enough 
intensity to work up a sweat, get your heart thumping or get out of breath? 
	Never engage in activities this vigorous 
Less than once per week 
	1 time per week 
2 times per week 
	3 times per week 
4 times per week 
	5 times per week 
6 or more times per week 
3b. On average, how many minutes do you exercise each session? Choose the best 
answer. 
	Never 
10 minutes or less 
This is an adaptation from the original non-Word compatible version. As a result, questions in Appendix 
A are not distributed on pages as they were in the short form. The Short form contained questions 1 through 







more than 1 hour 
4a. Do you walk, run, or jog as part of a physical activity program? (include these 
same activities when they are performed on exercise machines) 
	No (Skip to Question 5 on the next page) 
Yes (continue) 
4b. How many of these "walk" or "run" or "jog" workouts do you usually do per 
week? 
	Less than once/week 
1 time per week 
	2 times per week 
3 times per week 
	4 times per week 
5 times per week 
	6 or more times per week 
4c. How many miles do you average per "walk" or "run" or "jog" workout? Please 
mark the nearest category below. 
	1/4 mile or less 
1/2 mile 
	1 mile 
1 1/2 miles 
	2 miles 
3 miles 
4 or more miles 
4d. What is your average time spent in each "walk" or "run" or "jog" exercise session 
(excluding rest stages)? 






	more than 1 hour 
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6. The following questions will help us understand how active you are during your 
usual week. Please fill in the circle that best fits the total time you spend in each 
type of activity during a normal day. Include activities at work, at home, and 
elsewhere. 










At least 1 
but less 
than 2 hrs. 
At least 2 
but less 
than 3 hrs 
At least 3 
but less 




a) NAPPING (do not include regular night's sleep): 
On a usual week day 
On a usual Saturday 
On a usual Sunday 
b) LYING DOWN- (watching TV or reading while lying down, etc) 
On a usual week day 
On a usual Saturday 
On a usual Sunday 
c) LIGHT ACTIVITIES- are intentionally not included as they are hard to measure accurately. These would have been activities 
working at a desk or standing still, slow walking 
hand-watering 
such as: Leisure: Watching TV while sitting, hobbies 
At work: Desk work, driving 
House/Yard work: Cooking, washing dishes, 
d) MODERATE ACTIVITY- such as 
Leisure: Fast walking, golfing, sailing, calisthenics (moderate), causal cycling 
At work: Fast walking, repeated lifting of objects up to 15 lbs., carpentry, patient care. 
House/Yard work: Vacuuming/mopping, active child care, house painting, cleaning windows, mowing lawn (power mower), 
gardening, repeated lifting of objects up to 15 lbs., carpentry 
On a usual week day 
On a usual Saturday 
On a usual Sunday 
e) VIGOROUS ACTIVITY- such as 
Leisure: Moderate running/jogging, faster/harder cycling, team sports, tennis, aerobics, skiing, calisthenics (vigorous). 
At work: Patient lifting, repeated lifting of heavy objects 20-35 lbs. 
House/Yard work: Hoeing, scrubbing floors, repeated lifing of objects 20-35 lbs. 
On a usual week day 
On a usual Saturday 
On a usual Sunday 
f) EXTREMELY VIGOROUS ACTIVITY- such as 
Leisure: Fast running, heavy weight lifting, marathon, racquet ball. 
At work: Digging, working with heavy tools, repeatedly lifting or carrying 40 lbs. or more. 
House/Yard work: Continuous digging, chopping with heavy tools, carrying 40 lbs, or more. 
On a usual week day 
On a usual Saturday 




































The Compendium of Physical Activities Tracking Guide 
Description 
bicycling, BMX or mountain 
bicycling, <10 mph, leisure, to work or for pleasure 
bicycling, general 
bicycling, 10-11.9 mph, leisure, slow, light effort 
bicycling, 12-13.9 mph, leisure, moderate effort 
bicycling, 14-15.9 mph, racing or leisure, fast, vigorous 
effort 
bicycling, 16-19 mph, racing/not drafting or >19 mph 
drafting, very fast, racing general 
bicycling, >20 mph, racing, not drafting 
unicycling 
exercise bicycling, stationary, general 
exercise bicycling, stationary, 50 watts, very light effort 
exercise bicycling, stationary, 100 watts, light effort 
exercise bicycling, stationary, 150 watts, moderate effort 
exercise bicycling, stationary, 200 watts, vigorous effort 
exercise bicycling, stationary, 250 watts, very vigorous 
effort 
exercise calisthenics (e.g. pushups, sit-ups, pull-ups, 
jumping jacks), heavy, vigorous effort 
exercise calisthenics, home exercise, light or moderate 
effort, general (example: back exercises), going up & down 
from floor 
exercise circuit training, including some aerobic movement 
with minimal rest, general 
exercise weight lifting (free weight, nautilus or universal 
type), power lifting or body building, vigorous effort 
exercise health club exercise, general 
exercise stair-treadmill ergometer, general 
exercise rowing, stationary ergometer, general 
exercise rowing, stationary, 50 watts, light effort 
exercise rowing, stationary, 100 watts, moderate effort 
exercise rowing, stationary, 150 watts, vigorous effort 
exercise rowing, stationary, 200 watts, very vigorous effort 
exercise ski machine, general 
exercise slimnastics, jazzercise 
exercise stretching, hatha yoga 
exercise mild stretching 
exercise teaching aerobic exercise class 




















































3.0 	fishing and hunting 
4.0 fishing and hunting 
4.0 	fishing and hunting 
2.5 fishing and hunting 
3.5 	fishing and hunting 
6.0 fishing and hunting 
2.0 	fishing and hunting 
2.5 fishing and hunting 
6.0 	fishing and hunting 
2.5 fishing and hunting 
5.0 	fishing and hunting 
6.0 fishing and hunting 
5.0 	fishing and hunting 
2.5 fishing and hunting 
3.3 	home activities 












2.5 home activities 
2.3 	home activities 
2.5 	home activities 
3.5 home activities  
exercise weight lifting (free, nautilus or universal-type), 
light or moderate effort, light workout, general 
exercise whirlpool, sitting 
ballet or modern, twist, jazz, tap, jitterbug 
aerobic, general 
aerobic, step, with 6 - 8 inch step 
aerobic, step, with 10 - 12 inch step 
aerobic, low impact 
aerobic, high impact 
general, Greek, Middle Eastern, hula, flamenco, belly, and 
swing dancing 
ballroom, dancing fast 
ballroom, fast (disco, folk, square), line dancing, Irish step 
dancing, polka, contra, country 
ballroom, slow (e.g. waltz, foxtrot, slow dancing), samba, 
tango, 19th C, mambo, chacha 
Anishinaabe Jingle Dancing or other traditional American 
Indian dancing 
fishing, general 
digging worms, with shovel 
fishing from river bank and walking 
fishing from boat, sitting 
fishing from river bank, standing 
fishing in stream, in waders 
fishing, ice, sitting 
hunting, bow and arrow or crossbow 
hunting, deer, elk, large game 
hunting, duck, wading 
hunting, general 
hunting, pheasants or grouse 
hunting, rabbit, squirrel, prairie chick, raccoon, small game 
pistol shooting or trap shooting, standing 
carpet sweeping, sweeping floors 
cleaning, heavy or major (e.g. wash car, wash windows, 
clean garage), vigorous effort 
mopping 
multiple household tasks all at once, light effort 
multiple household tasks all at once, moderate effort 
multiple household tasks all at once, vigorous effort 
cleaning, house or cabin, genera 
cleaning, light (dusting, straightening up, changing linen, 
carrying out trash 
wash dishes - standing or in general (not broken into 
stand/walk components 




6.0 	home activities 	butchering animals 
2.0 home activities cooking or food preparation - standing or sitting or in 
general (not broken into stand/walk components), manual 
appliance 
2.5 	home activities 	serving food, setting table - implied walking or standing 
2.5 home activities cooking or food preparation - walking 
2.5 	home activities 	feeding animals 
2.5 home activities putting away groceries (e.g. carrying groceries, shopping 
without a grocery cart), carrying packages 
7.5 	home activities 	carrying groceries upstairs 
3.0 home activities cooking Indian bread on an outside stove 
2.3 	home activities 	food shopping with or without a grocery cart, standing or 
walking 
2.3 	home activities 	non-food shopping, standing or walking 
2.3 home activities walking shopping (non-grocery shopping) 
2.3 	home activities 	ironing 
1.5 home activities sitting - knitting, sewing, it. wrapping (presents) 
2.0 	home activities 	implied standing - laundry, fold or hang clothes, put clothes 
in washer or dryer, packing suitcase 
2.3 	home activities 	implied walking - putting away clothes, gathering clothes 
to pack, putting away laundry 
2.0 	home activities 	making bed 
5.0 home activities maple syruping/sugar bushing (including carrying buckets, 
carrying wood) 
6.0 	home activities 	moving furniture, household items, carrying boxes 
3.8 home activities scrubbing floors, on hands and knees, scrubbing bathroom, 
bathtub 
4.0 	home activities 	sweeping garage, sidewalk or outside of house 
7.0 home activities moving household items, carrying boxes 
3.5 	home activities 	standing - packing/unpacking boxes, occasional lifting of 
household items light - moderate effort 
3.0 	home activities 	implied walking - putting away household items - moderate 
effort 
2.5 	home activities 	watering plants 
2.5 home activities building a fire inside 
9.0 	home activities 	moving household items upstairs, carrying boxes or 
furniture 
2.0 	home activities 	standing - light (pump gas, change light bulb, etc.) 
3.0 home activities walking - light, non-cleaning (readying to leave, shut/lock 
doors, close windows, etc. 
2.5 	home activities 	sitting - playing with child(ren) - light, only active periods 
2.8 home activities standing - playing with child(ren) - light, only active 
periods 
4.0 	home activities 	walk/run - playing with child(ren) - moderate, only active 
periods 




3.0 	home activities 	carrying small children 
2.5 home activities child care: sitting/kneeling - dressing, bathing, grooming, 
feeding, occasional lifting of child-light effort, general 
3.0 	home activities 	child care: standing - dressing, bathing, grooming, feeding, 
occasional lifting of child-light effort 
4.0 	home activities 	elder care, disabled adult, only active periods 
1.5 home activities reclining with baby 
2.5 	home activities 	sit, playing with animals, light, only active periods 
2.8 home activities stand, playing with animals, light, only active periods 
2.8 	home activities 	walk/run, playing with animals, light, only active periods 
4.0 home activities walk/run, playing with animals, moderate, only active 
periods 
5.0 	home activities 	walk/run, playing with animals, vigorous, only active 
periods 
3.5 	home activities 	standing - bathing dog 
3.0 home repair airplane repair 
4.0 	home repair 	automobile body work 
3.0 home repair automobile repair 
3.0 	home repair 	carpentry, general, workshop 
6.0 home repair carpentry, outside house, installing rain gutters, building a 
fence 
4.5 	home repair 	carpentry, finishing or refinishing cabinets or furniture 
7.5 home repair carpentry, sawing hardwood 
5.0 	home repair 	caulking, chinking log cabin 
4.5 home repair caulking, except log cabin 
5.0 	home repair 	cleaning gutters 
5.0 home repair excavating garage 
5.0 	home repair 	hanging storm windows 
4.5 home repair laying or removing carpet 
4.5 	home repair 	laying tile or linoleum, repairing appliances 
5.0 home repair painting, outside home 
3.0 	home repair 	painting, papering, plastering, scraping, inside house, 
hanging sheet rock, remodeling 
4.5 	home repair 	painting 
3.0 home repair put on and removal of tarp - sailboat 
6.0 	home repair 	roofing 
4.5 home repair sanding floors with a power sander 
4.5 	home repair 	scraping and painting sailboat or powerboat 
5.0 home repair spreading dirt with a shovel 
4.5 	home repair 	washing and waxing hull of sailboat, car, powerboat, 
airplane 
4.5 	home repair 	washing fence, painting fence 
3.0 home repair wiring, plumbing 
1.0 	inactivity 	quiet lying quietly, watching television 
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1.0 	inactivity 	quiet lying quietly, doing nothing, lying in bed awake, 
listening to music (not talking or reading) 
1.0 	 inactivity quiet sitting quietly and watching television 
1.0 inactivity 	quiet sitting quietly, sitting smoking, listening to music (not 
talking or reading), watching a movie in a theater 
0.9 	inactivity 	quiet sleeping 
1.2 inactivity quiet standing quietly (standing in a line) 
1.0 	inactivity 	light reclining - writing 
1.0 inactivity light reclining - talking or talking on phone 
1.0 	inactivity 	light reclining - reading 
1.0 inactivity light meditating 
5.0 	lawn and garden 	carrying, loading or stacking wood, loading/unloading or 
carrying lumber 
6.0 	lawn and garden 	chopping wood, splitting logs 
5.0 lawn and garden clearing land, hauling branches, wheelbarrow chores 
5.0 	lawn and garden 	digging sandbox 
5.0 lawn and garden digging, spading, filling garden, composting 
6.0 	lawn and garden 	gardening with heavy power tools, tilling a garden, chain 
saw 
5.0 	lawn and garden 	laying crushed rock 
5.0 lawn and garden laying sod 
5.5 	lawn and garden 	mowing lawn, general 
2.5 lawn and garden mowing lawn, riding mower 
6.0 	lawn and garden mowing lawn, walk, hand mower 
5.5 lawn and garden mowing lawn, walk, power mower 
4.5 	lawn and garden mowing lawn, power mower 
4.5 lawn and garden 	operating snow blower, walking 
4.5 	lawn and garden planting seedlings, shrubs 
4.5 lawn and garden 	planting trees 
4.3 	lawn and garden raking lawn 
4.0 lawn and garden raking lawn 
4.0 	lawn and garden raking roof with snow rake 
3.0 lawn and garden 	riding snow blower 
4.0 	lawn and garden sacking grass, leaves 
6.0 lawn and garden 	shoveling snow, by hand 
4.5 	lawn and garden trimming shrubs or trees, manual cutter 
3.5 lawn and garden 	trimming shrubs or trees, power cutter, using leaf blower, 
edger 
2.5 	lawn and garden 	walking, applying fertilizer or seeding a lawn 
1.5 lawn and garden watering lawn or garden, standing or walking 
4.5 	lawn and garden 	weeding, cultivating garden 
4.0 lawn and garden gardening, general 
3.0 	lawn and garden 	picking fruit off trees, picking fruits/vegetables, moderate 
effort 
3.0 	lawn and garden 	implied walking/standing - picking up yard, light, picking 
flowers or vegetables 
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2.0 	occupation  
walking, gathering gardening tools 
sitting - card playing, playing board games 
standing - drawing (writing), casino gambling, duplicating 
machine 
sitting - reading, book, newspaper, etc. 
sitting - writing, desk work, typing 
standing - talking or talking on the phone 
sitting - talking or talking on the phone 
sitting - studying, general, including reading and/or writing 
sitting - in class, general, including note-taking or class 
discussion 
standing - reading 
standing - miscellaneous 
sitting - arts and crafts, light effort 
sitting - arts and crafts, moderate effort 
standing - arts and crafts, light effort 
standing - arts and crafts, moderate effort 
standing - arts and crafts, vigorous effort 
retreat/family reunion activities involving sitting, relaxing, 
talking, eating 
touring/traveling/vacation involving walking and riding 
camping involving standing, walking, sitting, light-to 
moderate effort 





playing flute (sitting) 
playing horn 





playing guitar, classical, folk (sitting) 
playing guitar, rock and roll band (standing) 
playing marching band, playing an instrument, baton 
twirling (walking) 
playing marching band, drum major (walking) 
bakery, general, moderate effort 
bakery, light effort 
bookbinding 
building road (including hauling debris, driving heavy 
machinery) 






















3.5 	occupation 	carpentry, general 
8.0 occupation carrying heavy loads, such as bricks 
8.0 	occupation 	carrying moderate loads up stairs, moving boxes (16-40 
pounds) 
2.5 	occupation 	chambermaid, making bed (nursing) 
6.5 occupation coal mining, drilling coal, rock 
6.5 	occupation 	coal mining, erecting supports 
6.0 occupation coal mining, general 
7.0 	occupation 	coal mining, shoveling coal 
5.5 occupation construction, outside, remodeling 
3.0 	occupation 	custodial work - buffing the floor with electric buffer 
2.5 occupation custodial work - cleaning sink and toilet, light effort 
2.5 	occupation 	custodial work - dusting, light effort 
4.0 occupation custodial work - feathering arena floor, moderate effort 
3.5 	occupation 	custodial work - general cleaning, moderate effort 
3.5 occupation custodial work - mopping, moderate effort 
3.0 	occupation 	custodial work - take out trash, moderate effort 
2.5 occupation custodial work - vacuuming, light effort 
3.0 	occupation 	custodial work - vacuuming, moderate effort 
3.5 occupation electrical work, plumbing 
8.0 	occupation 	farming, baling hay, cleaning barn, poultry work, vigorous 
effort 
3.5 	occupation 	farming, chasing cattle, non-strenuous (walking), moderate 
effort 
4.0 	occupation 	farming, chasing cattle or other livestock on horseback, 
moderate effort 
2.0 	occupation 	farming, chasing cattle or other livestock, driving, light 
effort 
2.5 	occupation 	farming, driving harvester, cutting hay, irrigation work 
2.5 occupation farming, driving tractor 
4.0 	occupation 	farming, feeding small animals 
4.5 occupation farming, feeding cattle, horses 
4.5 	occupation 	farming, hauling water for animals, general hauling water 
6.0 occupation farming, taking care of animals (grooming, brushing, 
shearing sheep, assisting with birthing, medical care, 
branding) 
8.0 	occupation 	farming, forking straw bales, cleaning corral or barn, 
vigorous effort 
3.0 	occupation 	farming, milking by hand, moderate effort 
1.5 occupation farming, milking by machine, light effort 
5.5 	occupation 	farming, shoveling grain, moderate effort 
12.0 occupation fire fighter, general 
11.0 	occupation 	fire fighter, climbing ladder with full gear 
8.0 occupation fire fighter, hauling hoses on ground 
17.0 	occupation 	forestry, ax chopping, fast 
5.0 occupation forestry, ax chopping, slow 
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7.0 	occupation 	forestry, barking trees 
11.0 occupation forestry, carrying logs 
8.0 	occupation 	forestry, felling trees 
8.0 occupation forestry, general 
5.0 	occupation 	forestry, hoeing 
6.0 occupation forestry, planting by hand 
7.0 	occupation 	forestry, sawing by hand 
4.5 occupation forestry, sawing, power 
9.0 	occupation 	forestry, trimming trees 
4.0 occupation forestry, weeding 
4.5 	occupation 	furriery 
6.0 occupation horse grooming 
8.0 	occupation 	horse racing, galloping 
6.5 occupation horse racing, trotting 
2.6 	occupation 	horse racing, walking 
3.5 occupation locksmith 
2.5 	occupation 	machine tooling, machining, working sheet meta 
3.0 occupation machine tooling, operating lathe 
5.0 	occupation 	machine tooling, operating punch press 
4.0 occupation machine tooling, tapping and drilling 
3.0 	occupation 	machine tooling, welding 
7.0 occupation masonry, concrete 
4.0 	occupation 	masseur, masseuse (standing) 
7.5 occupation moving, pushing heavy objects, 75 lbs or more (desks, 
moving van work) 
12.0 	occupation 	skindiving or SCUBA diving as a frogman (Navy Seal) 
2.5 occupation operating heavy duty equipment/automated, not driving 
4.5 	occupation 	orange grove work 
2.3 occupation printing (standing) 
2.5 	occupation 	police, directing traffic (standing) 
2.0 occupation police, driving a squad car (sitting) 
1.3 	occupation 	police, riding in a squad car (sitting) 
4.0 occupation police, making an arrest (standing) 
2.5 	occupation 	shoe repair, general 
8.5 occupation shoveling, digging ditches 
9.0 	occupation 	shoveling, heavy (more than 16 pounds/minute 
6.0 occupation shoveling, light (less than 10 pounds/minute) 
7.0 	occupation 	shoveling, moderate (10 to 15 pounds/minute) 
1.5 occupation sitting - light office work, general (chemistry lab work, 
light use of hand tools, watch repair or micro-assembly, 
light assembly/repair), sitting, reading, driving at work 
1.5 	occupation 	sitting meetings, general, and/or with talking involved, 
eating at a business meeting 
2.5 	occupation 	sitting; moderate (heavy levers, riding mower/forklift, 
crane operation) teaching stretching or yoga 
2.3 	occupation 	standing; light (bartending, store clerk, assembling, filing, 
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duplicating, putting up a Christmas tree), standing and 
talking at work, changing clothes when teaching physical 
education 
3.0 	occupation 	standing; light/moderate (assemble/repair heavy parts, 
welding, stocking, auto repair, pack boxes for moving, 
etc.), patient care (as in nursing) 
4.0 	occupation 	lifting items continuously, 10 - 20 lbs, with limited 
walking or resting 
3.5 	occupation 	standing; moderate (assembling at fast rate, intermittent, 
lifting 50 lbs, hitch/twisting ropes) 
4.0 	occupation 	standing; moderate/heavy (lifting more than 50 lbs, 
masonry, painting, paper hanging 
5.0 	occupation 	steel mill, fettling 
5.5 occupation steel mill, forging 
8.0 	occupation 	steel mill, hand rolling 
8.0 occupation steel mill, merchant mill rolling 
11.0 	occupation 	steel mill, removing slag 
7.5 occupation steel mill, tending furnace 
5.5 	occupation 	steel mill, tipping molds 
8.0 occupation steel mill, working in general 
2.5 	occupation 	tailoring, cutting 
2.5 occupation tailoring, general 
2.0 	occupation 	tailoring, hand sewing 
2.5 occupation tailoring, machine sewing 
4.0 	occupation 	tailoring, pressing 
3.5 occupation tailoring, weaving 
6.5 	occupation 	truck driving, loading and unloading truck (standing) 
1.5 occupation typing, electric, manual or computer 
6.0 	occupation 	using heavy power tools such as pneumatic tools 
(jackhammers, drills, etc. 
8.0 	occupation 	using heavy tools (not power) such as shovel, pick, tunnel 
bar, spade 
2.0 	occupation 	walking on job, less than 2.0 mph (in office or lab area), 
very slow 
3.3 	occupation 	walking on job, 3.0 mph, in office, moderate speed, not 
carrying anything 
3.8 	occupation 	walking on job, 3.5 mph, in office, brisk speed, not 
carrying anything 
3.0 	occupation 	walking, 2.5 mph, slowly and carrying light objects less 
than 25 pounds 
3.0 	occupation 	walking, gathering things at work, ready to leave 
4.0 occupation walking, 3.0 mph, moderately and carrying light objects 
less than 25 lbs 
4.0 	occupation 	walking, pushing a wheelchair 
4.5 occupation walking, 3.5 mph, briskly and carrying objects less than 25 
pounds 
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walking or walk downstairs or standing, carrying objects 
about 25 to 49 pounds 
walking or walk downstairs or standing, carrying objects 
about 50 to 74 pounds 
walking or walk downstairs or standing, carrying object 
about 75 to 99 pounds 
walking or walk downstairs or standing, carrying objects 
about 100 pounds or over 
working in scene shop, theater actor, backstage employee 
teach physical education, exercise, sports classes (non-sport 
play 
teach physical education, exercise, sports classes 
(participate in the class) 
jog/walk combination (jogging component of less than 10 
minutes) 
jogging, general 
jogging, in place 
jogging on a mini-tramp 
running, 5 mph (12 min/mile) 
running, 5.2 mph (11.5 min/mile) 
running, 6 mph (10 min/mile) 
running, 6.7 mph (9 min/mile) 
running, 7 mph (8.5 min/mile) 
running, 7.5 mph (8 min/mile) 
running, 8 mph (7.5 min/mile) 
running, 8.6 mph (7 min/mile) 
running, 9 mph (6.5 min/mile) 
running, 10 mph (6 min/mile) 
running, 10.9 mph (5.5 min/mile) 
running, cross country 
running 
running, in place 
running, stairs, up 
running, on a track, team practice 
running, training, pushing a wheelchair 
running, wheeling, general 
standing - getting ready for bed, in general 
sitting on toilet 
bathing (sitting) 
dressing, undressing (standing or sitting) 
eating (sitting) 
talking and eating or eating only (standing) 
taking medication, sitting or standing 
grooming (washing, shaving, brushing teeth, urinating, 




























































































































































8.0 sports  
having hair or nails done by someone else, sitting 
showering, toweling off (standing) 
active, vigorous effort 
general, moderate effort 
passive, light effort, kissing, hugging 
archery (non-hunting) 
badminton, competitive) 
badminton, social singles and doubles, general 
basketball, game 
basketball, non-game, general 
basketball, officiating 




boxing, in ring, general 
boxing, punching bag 
boxing, sparring 
broomball 
children's games (hopscotch, 4-square, dodge ball, 
playground apparatus, t-ball, tetherball, marbles, jacks, 
acrace games 
coaching: football, soccer, basketball, baseball, swimming, 
etc. 
cricket (batting, bowling) 
croquet 
curling 
darts, wall or lawn 
drag racing, pushing or driving a car 
fencing 
football, competitive 
football, touch, flag, general 
football or baseball, playing catch 
frisbee playing, general 
frisbee, ultimate 
golf, general 
golf carrying clubs 
golf, walking and carrying clubs 
golf, miniature, driving range 
golf, pulling clubs 
golf, walking and pulling clubs 






3.5 	sports 	 hand gliding 
8.0 sports hockey, field 
8.0 	sports 	 hockey, ice 
4.0 sports horseback riding, general 
3.5 	sports 	 horseback riding, saddling horse, grooming horse 
6.5 sports horseback riding, trotting 
2.5 	sports 	 horseback riding, walking 
3.0 sports horseshoe pitching, quoits 
12.0 	sports 	 jai alai 
10.0 sports judo, jujitsu, karate, kick boxing, tae kwan do 
4.0 	sports 	 juggling 
7.0 sports kickball 
8.0 	ports 	 lacrosse 
4.0 sports motor-cross 
9.0 	sports 	 orienteering 
10.0 sports paddleball, competitive 
6.0 	sports 	 paddleball, casual, general 
8.0 sports polo 
10.0 	sports 	 racquetball, competitive 
7.0 sports racquetball, casual, general 
11.0 	sports 	 rock climbing, ascending rock 
8.0 sports rock climbing, rappelling 
12.0 	sports 	 rope jumping, fast 
10.0 sports rope jumping, moderate, general 
8.0 	sports 	 rope jumping, slow 
10.0 sports rugby 
3.0 	sports 	 shuffleboard, lawn bowling 
5.0 sports skateboarding 
7.0 	sports 	 skating, roller 
12.0 ports roller blading (in-line skating) 
3.5 	sports 	 sky diving 
10.0 sports soccer, competitive 
7.0 	sports 	 soccer, casual, general 
5.0 sports softball or baseball, fast or slow pitch, general 
4.0 	sports 	 softball, officiating 
6.0 sports softball, pitching 
12.0 	sports 	 squash 
4.0 sports table tennis, ping pong 
4.0 	sports 	 tai chi 
7.0 sports tennis, general 
6.0 	sports 	 tennis, doubles 
5.0 sports tennis, doubles 
8.0 	sports 	 tennis, singles 
3.5 sports trampoline 
4.0 	sports 	 volleyball 
8.0 sports volleyball, competitive, in gymnasium 
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3.0 	sports 	 volleyball, non-competitive, 6 - 9 member team, general 
8.0 sports volleyball, beach 
6.0 	sports 	 wrestling (one match = 5 minutes) 
7.0 sports wallyball, general 
4.0 	sports 	 track and field (shot, discus, hammer throw) 
6.0 sports track and field (high jump, long jump, triple jump, javelin, 
pole vault) 
10.0 	sports 	 track and field (steeplechase, hurdles) 
2.0 transportation 	automobile or light truck (not a semi) driving 
1.0 	transportation riding in a car or truck 
1.0 transportation 	riding in a bus 
2.0 	transportation flying airplane 
2.5 transportation 	motor scooter, motorcycle 
6.0 	transportation pushing plane in and out of hangar 
3.0 transportation 	driving heavy truck, tractor, bus 
7.0 	walking 	backpacking 
3.5 walking carrying infant or 15 pound load (e.g. suitcase), level 
ground or downstairs 
9.0 	walking 	carrying load upstairs, general 
5.0 walking carrying 1 to 15 lb load, upstairs 
6.0 	walking 	carrying 16 to 24 lb load, upstairs 
8.0 walking carrying 25 to 49 lb load, upstairs 
10.0 	walking 	carrying 50 to 74 lb load, upstairs 
12.0 walking carrying 74+ lb load, upstairs 
3.0 	walking 	loading /unloading a car 
7.0 walking climbing hills with 0 to 9 pound load 
7.5 	walking 	climbing hills with 10 to 20 pound load 
8.0 walking climbing hills with 21 to 42 pound load 
9.0 	walking 	climbing hills with 42+ pound load 
3.0 walking downstairs 
6.0 	walking 	hiking, cross country 
2.5 walking bird watching 
6.5 	walking 	marching, rapidly, military 
2.5 walking pushing or pulling stroller with child or walking with 
children 
4.0 	walking 	pushing a wheelchair, non-occupational setting 
6.5 walking race walking 
8.0 	walking 	rock or mountain climbing 
8.0 walking up stairs, using or climbing up ladder 
5.0 	walking 	using crutches 
2.0 walking walking, household walking 
2.0 	walking 	walking, less than 2.0 mph, level ground, strolling, very 
slow 
2.5 	walking 	walking, 2.0 mph, level, slow pace, firm surface 

















































































7.0 water activities 
walking from house to car or bus, from car or bus to go 
places, 
from car or bus to and from the worksite 
walking to neighbor's house or family's house for social 
reasons 
walking the dog 
walking, 2.5 mph, firm surface 
walking, 2.5 mph, downhill 
walking, 3.0 mph, level, moderate pace, firm surface 
walking, 3.5 mph, level, brisk, firm surface, walking for 
exercise 
walking, 3.5 mph, uphill 
walking, 4.0 mph, level, firm surface, very brisk pace 
walking, 4.5 mph, level, firm surface, very, very brisk 
walking, 5.0 mph 
walking, for pleasure, work break 
walking, grass track 
walking, to work or class 
walking to and from an outhouse 
boating, power 
canoeing, on camping trip 
canoeing, harvesting wild rice, knocking rice off the stalks 
canoeing, portaging 
canoeing, rowing, 2.0-3.9 mph, light effort 
canoeing, rowing, 4.0-5.9 mph, moderate effort 
canoeing, rowing, >6 mph, vigorous effort 
canoeing, rowing, for pleasure, general 
canoeing, rowing, in competition, or crew or sculling 
diving, springboard or platform 
kayaking 
paddle boat 
sailing, boat and board sailing, windsurfing, ice sailing, 
general 
sailing, in competition 






skindiving, scuba diving, general 
snorkeling 
surfing, body or board 
swimming laps, freestyle, fast, vigorous effort 
wimming laps, freestyle, slow, moderate or light effort 
122 
swimming, backstroke, general 
swimming, breaststroke, general 
swimming, butterfly, general 
swimming, crawl, fast (75 yards/minute), vigorous effort 
swimming, crawl, slow (50 yards/minute), moderate or 
light effort 
swimming, lake, ocean, river 
swimming, leisurely, not lap swimming, general 
swimming, sidestroke, general 
swimming, synchronized 
swimming, treading water, fast vigorous effort 
swimming, treading water, moderate effort, general 




whitewater rafting, kayaking, or canoeing 
moving ice house (set up/drill holes, etc.) 
skating, ice, 9 mph or less 
skating, ice, general 
skating, ice, rapidly, more than 9 mph 
skating, speed, competitive 
ski jumping (climb up carrying skis) 
skiing, general 
skiing, cross country, 2.5 mph, slow or light effort, ski 
walking 
skiing, cross country, 4.0-4.9 mph, moderate speed and 
effort, general 
skiing, cross country, 5.0-7.9 mph, brisk speed, vigorous 
effort 
skiing, cross country, >8.0 mph, racing 
skiing, cross country, hard snow, uphill, maximum, snow 
mountaineering 
skiing, downhill, light effort 
skiing, downhill, moderate effort, general 
skiing, downhill, vigorous effort, racing 
sledding, tobogganing, bobsledding, luge 
snow shoeing 
snowmobiling 
sitting in church, in service, attending a ceremony, sitting 
Quietly 
sitting, playing an instrument at church 
sitting in church, talking or singing, attending a ceremony, 
sitting, active participation 



















































8.0 	winter activities 




16.5 winter activities 
5.0 	winter activities 
6.0 winter activities 
8.0 	winter activities 
7.0 winter activities 
8.0 	winter activities 
3.5 winter activities 
1.0 	religious activities 
2.5 	religious activities 
1.5 religious activities 
1.3 	religious activities 
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1.2 	religious activities 
2.0 	religious activities 
1.0 	religious activities 
1.8 religious activities 
2.0 	religious activities 
2.0 religious activities 
3.3 	religious activities 
3.8 religious activities 
2.0 	religious activities 
5.0 religious activities 
2.5 	religious activities 
2.0 religious activities 
2.3 	religious activities 
1.5 religious activities 
2.0 	religious activities 
3.0 	religious activities 
5.0 religious activities 
2.5 	religious activities 
4.0 religious activities 
1.5 	religious activities 
1.5 volunteer activities 
1.5 	volunteer activities 
2.5 volunteer activities 
2.3 	volunteer activities 
2.5 volunteer activities 
3.0 	volunteer activities 
4.0 volunteer activities 
5.0 	volunteer activities 
3.0 volunteer activities 
3.5 	volunteer activities 
4.0 volunteer activities 
1.5 	volunteer activities 
2.0 volunteer activities 
3.3 	volunteer activities 
3.8 volunteer activities 
3.0 	volunteer activities 
4.0 	volunteer activities 
4.5 	volunteer activities 
3.0 	volunteer activities 
standing in church (quietly), attending a ceremony, 
standing quietly 
standing, singing in church, attending a ceremony, 
standing, active participation 
kneeling in church/at home (praying) 
standing, talking in church 
walking in church 
walking, less than 2.0 mph - very slow 
walking, 3.0 mph, moderate speed, not carrying anything 
walking, 3.5 mph, brisk speed, not carrying anything 
walk/stand combination for religious purposes, usher 
praise with dance or run, spiritual dancing in church 
serving food at church 
preparing food at church 
washing dishes/cleaning kitchen at church 
eating at church 
eating/talking at church or standing eating, American 
Indian Feast days 
cleaning church 
general yard work at church 
standing - moderate (lifting 50 lbs., assembling at fast rate) 
standing - moderate/heavy work 
typing, electric, manual, or computer 
sitting - meeting, general, and/or with talking involved 
sitting - light office work, in general 
sitting - moderate work 
standing - light work (filing, talking, assembling) 
sitting, child care, only active periods 
standing, child care, only active periods 
walk/run play with children, moderate, only active periods 
walk/run play with children, vigorous, only active periods 
standing - light/moderate work (pack boxes, 
assemble/repair, set up chairs/furniture) 
standing - moderate (lifting 50 lbs., assembling at fast rate) 
standing - moderate/heavy work 
typing, electric, manual, or computer 
walking, less than 2.0 mph, very slow 
walking, 3.0 mph, moderate speed, not carrying anything 
walking, 3.5 mph, brisk speed, not carrying anything 
walking, 2.5 mph slowly and carrying objects less than 25 
pounds 
walking, 3.0 mph moderately and carrying objects less than 
25 pounds, pushing something 
walking, 3.5 mph, briskly and carrying objects less than 25 
pounds 




I am going to ask you about the physical activities you engaged in during the last 
7 days, starting with yesterday and going back 7 days. In doing so, please remember, this 
is a recall of actual activities for the past week, not a history of what you usually do. 
We are not considering light activities, such as deskwork, standing, light 
housework, etc . . . We are considering occupational, household, recreational, and sports 
activities that make you feel similar to how you feel when you are walking at a normal 
pace. For example, slow stop-and-go walking such as window-shopping, is not included: 
however, walking at a normal pace to do an errand is included. 
Intensity Guidelines 
I will ask you to categorize the intensity of each physical activity you do into one 
of three groups, moderate, hard, or very hard. 
• The moderate category is similar to how you feel when you're walking at a 
normal pace. 
• The very hard category is similar to how you feel when you're running. 
• The hard category just falls in between. 
• In other words, if the activity seems harder than walking but not as strenuous as 
running, it should go in the hard category. 
Segments of the Day 
I am going to ask you about the physical activities you engaged in during three 
segments of the day, which includes morning, afternoon, and evening. Morning is 
considered from the time you get up in the morning to the time you have lunch; 
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afternoon is from lunch to dinner; and evening is from dinner until the time you go to 
bed. 
Setting the Stage 
Getting people to think about their day in general will help them remember all of 
their activities. Always spend some time "setting the stage" for each day. 
Today is (i.e., Monday), so yesterday was (i.e., Sunday). Think about what you 
did (Sunday) morning. Where were you? Think about what you usually do. Did 
you do anything unusual? Did you do any physical activity (Sunday morning)? 
Duration 
The activity in question should be performed for a total of 10 min, intermittently 
or continuously, during one segment of the day, morning, afternoon, or evening. 
How long did you do that activity? 
Make sure that the activity excludes the time that they stood still or took breaks. 
How much of that time was spent standing still or taking breaks? 
Intensity 
Always refer to intensity guidelines: "Did that activity feel similar to how you feel 
when you are walking or running or is it somewhere in between?" 
Keep in mind that a moderate intensity feels similar to walking at a normal-to- 
brisk pace and very hard feels similar to running. 
Interview Script 
"I am going to ask you about everything you have done in the last seven days. We 
will start with yesterday which was (name of day) and end with a week ago (name of 
day)." 
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"I will divide each day into morning, afternoon, and evening. Morning is after you 
get out of bed until lunchtime; afternoon is after lunchtime until dinnertime; and evening 
is after dinnertime until you get into bed at night." 
"There are moderate, hard, and very hard activities. Moderate activities are 
similar to brisk walking like you are in a hurry to get somewhere. Moderate also includes 
household chores like sweeping, mopping, vacuuming, and gardening. On the other end 
of the scale are very hard activities that are traditional aerobic activities like running, but 
also include hard labor such as helping someone move or planting trees. Finally, there are 
hard activities, which require more effort than moderate but not as much as very hard 
activities. These are similar in effort to scrubbing the floor on your hands and knees or 
heavy gardening." 
"Throughout the interview I will ask you to try and remember what you actually 
did for that day, not what you usually do. I know this might be difficult, but just do the 
best you can." 
"Any questions?" 
"Okay, I am going to start with yesterday which was (name of day). What time 
did you get into bed LAST NIGHT? What time did you get out of bed THIS 
MORNING?" 
"Yesterday, (name of day) what time did you get out of bed to start the day?" 
[Lead her through the day by talking about morning first, afternoon, and then evening.] 
[After the interview is over] "Is there anything else you can think of that 
happened this week that we did not discuss?" [Prompt her with things she might have 
been doing: laundry, gardening, etc.] 
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General Guidelines 
1. Do not record things that last for less than 5 minutes. 
2. Pursue comments that seem ambiguous or unrealistic, however, the interview is 
focused on the perceptions of the participant, not what you think is correct. For 
instance, if a participant insists that she played basketball for four hours, after 
probing for beaks, rests, time outs, etc., then this should be recorded. 
3. Have her self-classify intensity of all physical activities. DO NOT MAKE 
ASSUMPTIONS. However, have her use the list of activities by intensity to 
characterize ambiguous things such as dancing, running, playing with 
children/friends, etc. or when she is not sure about an activity. 
4. If she was doing more than one thing at the same time, ask her which activity was 
the main focus of her attention. For instance, if she was eating and watching 
television, most people are primarily eating and paying some attention to the 
television. If she was driving and listening to the radio, the main activity would be 
driving. Try to have the participant self-identify main activities as much as 
possible. DO NOT MAKE ASSUMPTIONS. 
5. For cleaning, and other multifaceted activities such as working, once the total 
time is established, begin to break that time into specific activities. Then ask how 
long she did each specific activity, followed by the intensity rating for each 
activity. For instance, if a woman cleaned for four hours, you would have her tell 
you what she did when she cleaned, how long she did each activity during the 
four hours of cleaning, and then have her self-identify an intensity category for 
each activity. 
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6. ALWAYS ask if she walked when she tells you she went somewhere. 
7. Statements like "I went over to my friends to play basketball for four hours" or 
"We went out and played pool for three hours" should be followed up by "How 
much of time did you ACTUALLY spend PLAYING basketball or pool" and 
have her give the activity an intensity rating. 
8. Do not pursue statements like "I went over to a friend's house and stayed the 
night" or "My husband and I went to bed but we weren't asleep." 
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Appendix D 
Coding of the Short Form Physical Activity Variables 
To produce the WalkRunJog Index, the variable WalkRunJog_Freq from question 
4b was recoded, changing responses into appropriate weekly activity frequency, such 
that: 
1 = .5 4 = 3 7 = 6 
2 = 1 5 = 4 
3 = 2 6 = 5 
For quick reference, 4b inquires: 
4b. 	How many of these "walk" or "run" or "jog" workouts do you usually do per 
week? 
	Less than once/week 
1 time per week 
	2 times per week 
3 times per week 
	4 times per week 
5 times per week 
	6 or more times per week 
As may be noted, the response of 1 was coded as 0.5. A response of 1 to question 
4b regarding exercise frequency stated "Less than once/week." Because all participants 
who answered 4b had indicated in 4a that they did have a physical activity program, the 
reported responses had to be assumed to be somewhere between 0 and 1. As a result, the 
median 0.5 was chosen. Next the variable WalkRunJog_Distance (derived from question 
4c) was recoded so that: 
1 = .25 4 = 1.5 7 = 4 
2 = .5 5 = 2 
3 = 1 6 = 3 
For quick reference, 4c inquires: 
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4c. 	How many miles do you average per "walk" or "run" or "jog" workout? Please 
mark the nearest category below. 
	1/4 mile or less 
1/2 mile 
	1 mile 
1 1/2 miles 
	2 miles 
3 miles 
	4 or more miles 
The 7th response to question 4c indicated that the individual walked, ran, or 
jogged at least four miles during an average session of physical activity. Though this 
response could include responses of those who ran more than four miles, it is assumed 
that with a mean age of 60, most participants did not run, walk, or jog significantly more 
than four miles on a regular basis. While certainly a five or six mile walk or jog is 
possible, given that four was the number provided in the question, the response of 7 was 
coded as four miles (as seen above). Finally the variable WalkRunJog_Amt (derived 
from question 4d) was recoded such that: 
1 = .167 4 = .667 7 = 1.5 
2 = .333 5 = .833 
3 = .500 6 = 1 
For quick reference, 4d inquires: 
4d. 	What is your average time spent in each "walk" or "run" or "jog" exercise session 
(excluding rest stages)? 






	more than 1 hour 
Response 7 to 4d indicates that the participant spent more than one hour in each 
session of physical activity but does not specify how much. The possible range is large so 
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a conservative estimate of an hour and a half was made. Once the recoding process was 
completed, WalkRunJog_Distance was divided by WalkRunJog_Amt to obtain an 
estimate of miles per hour. This new variable was called SFWalkRunJog_mph (SF 
referring to the short form). This new mph variable was used in the next step to determine 
intensity of running using the MET compendium system. 
To create the variable WalkRunJog_METhour, WalkRunJog_Amt was first 
multiplied by WalkRunJog_Freq (to calculate an estimate of the total time spent in an 
activity per week), then by the MET value indicated by SFWalkRunJog_mph shown on 
the compendium. The compendium has a long list of the MET intensities associated with 
various speeds (mph) for walking and running. A few of these compendium MET values 
are as follows: 
2.0 mph = 2.5 MET 
	
6.0 mph = 9.0 MET 
3.0 mph = 3.0 MET 7.0 mph = 11.5 MET 
5.0 mph = 8.0 MET 
	
etc, etc... 
Thus the final equation for this variable was Amount x freq x MET (based on 
mph) = the new variable, entitled SFWalkRunJog_METhour. This variable was then 
multiplied by the participants' weight in kg (from the clinical dataset) to create a second 
variable called SFWalkRunJog_Kilocalories. 
The next step in the reformatting process was the creation of short form indices 
based on the average amount of time spent per day at given levels of physical activity 
intensity. The questions which requested this information, providing the data for the 
creation of these indices, appeared on the second page of section C in the following 
format: 
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At least 1 
but less 
than 2 hrs. 
At least 2 
but less 
than 3 hrs 
At least 3 
but less 




d) MODERATE ACTIVITY- such as 
Leisure: Fast walking, golfing, sailing, calisthenics (moderate), causal cycling 
At work: Fast walking, repeated lifting of objects up to 15 lbs., carpentry, patient care. 
House/Yard work: Vacuuming/mopping, active child care, house painting, cleaning windows, mowing lawn (power mower), 
gardening, repeated lifting of objects up to 15 lbs., carpentry 
On a usual week day 
On a usual Saturday 
On a usual Sunday 
e) VIGOROUS ACTIVITY- such as 
Leisure: Moderate running/jogging, faster/harder cycling, team sports, tennis, aerobics, skiing, calisthenics (vigorous). 
At work: Patient lifting, repeated lifting of heavy objects 20-35 lbs. 
House/Yard work: Hoeing, scrubbing floors, repeated lifting of objects 20-35 lbs. 
On a usual week day 
On a usual Saturday 
On a usual Sunday 
f) EXTREMELY VIGOROUS ACTIVITY- such as 
Leisure: Fast running, heavy weight lifting, marathon, racquet ball. 
At work: Digging, working with heavy tools, repeatedly lifting or carrying 40 lbs. or more. 
House/Yard work: Continuous digging, chopping with heavy tools, carrying 40 lbs, or more. 
On a usual week day 
On a usual Saturday 
On a usual Sunday 
The first intensity level-based index was the moderate activity index. To create 
the moderate activity index with the short form questionnaire data set required a series of 
steps. First several variables were recoded. The variables Act_Moderate_Weekday_Amt, 
Act_Moderate_Saturday_Amt, and Act_Moderate_Sunday_Amt, were recoded as: 
1=0  4 = .83 7 =4.5 
2 = .25 5 = 1.5 8 =7.0 
3 = .5 6 = 2.5 
The questionnaire responses on which the recoding was based were ranges of time 
spent in moderate activity. The ranges were less than 20 minutes, 20-39 minutes, 40-59 
minutes, at least one but less than two hours, at least two but less than three hours, at least 
three but less than six hours, and more than six hours. As a result, the optimal values with 
which to code these ranges are a bit vague. The values seen above were selected due to 
their median locations within the ranges. Seven hours was chosen for a response of 8 as it 
was the most conservative whole number above six. Once the variables were recoded, the 
aforementioned three variables from the short form dataset were used in the following 
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equation: ((5 x Act_Moderate_Weekday_Amt) + Act_Moderate_Saturday_Amt + 
Act_Moderate_Sunday_Amt) x 4.5. This equation created a new variable called 
SFModerateAct_METhours. This variable was multiplied by the participants' weight in 
(kg (from clinical dataset) to create the final variable, SFModerateAct_Kilocalories. - 
To create the vigorous activity index a recode identical to the moderate activity 
index was performed on the following variables: Act_Vigerous_Weekday_Amt, 
Act_Vigerous_Saturday_Amt, Act_Vigerous_Sunday_Amt, 
Act_Extreeme_Weekday_Amt, Act_Extreeme_Saturday_Amt, and 
Act_Extreeme_Sunday_Amt. Once completed, the variables were utilized according to 
the following equation: 5.5((5 x Act_Vigerous_Weekday_Amt) + 
Act_Vigerous_Saturday_Amt + Act_Vigerous_Sunday_Amt) + 7((5 x 
Act_Extreeme_Weekday_Amt) + Act_Extreeme_Saturday_Amt + 
Act_Extreeme_Sunday_Amt). This resulted in the new variable 
SFVigorousAct_METhours. Multiplying this new variable by the participants' weight in 
kg (from clinical dataset) created a final variable SFVigorousAct_Kilocalories. 
To create the inactivity index the hours of moderate, vigorous, and very vigorous 
activity, and the amount of time spent asleep as reported by the individual in the sleep 
dataset ere subtracted from the total amount of time in a week (168 hours). The 
remaining_numb-er-of hours was multiplied by 1.5, forming the variable 
SFInactivity_METhours. This was then multiplied by the participants' weight in kg (from 
--- 
 
the clinical dataset) to create a final variable, SFInactivity_Kilocalories. 
To create the total activity index, the number of hours of sleep for the entire week 
was added to the variables: SFVigorousAct_METhours, SFModerateAct_METhours, and 
134 
SFinactivity _METhours to create a new variable called SFTotalActivity _METhours. A 
second variable was then created by multiplying the number of hours while asleep by the 
individuals' weight in kg. The resulting figure was then added to the variables 
SFinactivity _Kilocalories, SFVigorousAct_Kilocalories, and 
SFModerateAct_Kilocalories to create the variable SFTotalActivity _Kilocalories. 
To create the vigorous recreational activity index, two variables were recoded 
from the short form questionnaire dataset. The variable Exercise_ Vigorous_Freq was 









Next, the variable Exercise_Amt was recoded as: 
1 = 0.00 
2 = .167 
3 = .333 
4 = .500 
5 = .667 
6 = .883 
7 = 1.00 
8 = 1.50 
To·create the vigorous recreational activity index, Exercise_ VigoroucFreq was 
multiplied by Exercise_Amt to create the variable SFRecreational_METhours. 
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